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FOREWORD

This study effort was conducted uncer the technical direction of
the Nava} Research Laboratory (Code 4020) under sponsorship of the
3 Navai Orcnance Systems Command {ORD-C3).

3 Products or services discussed in this report are included as illustrative
,ﬁ examples and na endorsement, 2ither positive or neyative, is intended.

Conclusions drawn are those of the authors and are not represented to
be the views of the Government.
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EXECUTIVE SUMMARY

- This study was concerned with potential applications for microform in
3 the shipboard environment. The Tirst phase was comprised of two experiments
: to determine the effect of various parameters on the legibility of rear-

el S, it

projected displays. The parameters were image resolution, size, brightness,
color, ambieat lignt, and frequency and amplitude of arbient vibration.

Dl A

The results indicated that image resolution was a critical factor in
legibility, foliowed by image brightness and size. Image vitration ampli-
tude of 1/8-inch over the range of O to 30 Hz degraded legibility to a small
but measureable degree while 1/4-inch amplitude rendered the display illeg-
ible for all practical purposes. Display color {red vs. white) had no ef-
fect on legibility for displays of equal brightness. Image polarity
(positive vs. negative) also had no effect on legibiiity. The parameters
tested interacted in a complex manner indicating that all factors must be
considered tcozethe: in selecting or designing equipment for a given appli-
cation . Tables 8 through 11, beginning on page 60, show relative perform-
ance coefficients for various parametric combinations. The coefficients

are proportions of readirg speed and accuracy relative to reading hand-held
typewritten copy under good lighting corditions.

i

"l

The following features are recommenced for microform viewers intended
for shipboard use:

PRI 1tk A 1

(1) Maximum screen brightness of at least 80 ft-L;

(2) Continuous brightness adjiustment control from zero to maximum
screen brightness;

(3} Non-glare type viewing screen;
{4\ Focus controls which are not overly sensitive;

(5) Provisions for protection of the viewing screen from extranenus
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light/glare sources such as a shield or curtain arrangement;
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{6} Provision for use of a red filter for operating under red-licht
conditions. Brightness adjustment or installation of the red
filter shouid nct require the user to view in illuminated pro-
jection lamp or other brightly illuminated element of the system;

(7) Readers to be used under red-light conditions should be light-tight,

i.e., ro light leaks;

(8) Controls and contours shouid be designed to minimize sharp edges,
corners, and projections which may injure a user upon impact
(such impact could occur during high speed maneuvers or in rough
waters);

(9) Microform equipment should be isolated from ambient ship +ibration
to preclude degradation of image legibility. Small amplitude
vibration may be amplified in the optical system to produce image
vibration of as much as 1/4-inch.

‘The second phase of the study (p. 71) was a survey of availabie micro-
form readers, reader-printers, camera and Tilm processing equipment, and
information retrieval systems. Major U.S. and foreign manufacturers were
surveyed. Microform devices ranging from simpie portable viewers costing
cnly 2 few dollars to sophisticated, fully autcmas:c retrieval systems
empivying video dissemination. Cost of the latter :=2r system is in the
$100,00C to $200,000 range.

The third and final phase (p. 142) describes the kinds of information
used in drfferent departments of varjous iypes of <hipe, the current format
f the information, and an appropriate type 3 n°: cform to which each kind

)
of information could be converted. Regardin: p-vential microform applications

aboard ship, the following conclusiuns and reciamenda“’ons are made:

(1) The current volume and use of ..ard cony; aboard ships would appear
amenable to conversion to microform (micromation) in many areas;

o —
A
LS

With proper study, it should be possible to justify micromaticn

in terms of cost, operating efficierncy, and increased file security;

i e g

,




.

(4)

o
i
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{3) Current microform technology provides 5 range of equipment and

capabilitias which can be readily matched to user requirements
from carrier type ships on down;

Microform affords specific advantages in the area of document
security and anticompromise measures.
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Figure 8 Xeray ditfraction 8-20 scan of a PLNINT filim by MOCLD on ¢-sapphite

brgure 9 shows the electro-optical measurement result of a recenthy developed PLNNT
film sample {n order to hine a comparable value for evaluating matenals. the average slope at
small positn e field was used te calculate the effective hnear EO coeflicient R (pm V). For thus
sample. the £O coetlicient was measured to be 383pm V' which is alteady 18 times highet than
LaNDBO: at bow frequencies BAT1 will continue to improve these EQ films for this and othet
apphcanons
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Frewie 9 ¢ lectuo-optic loop of a tecenth developed PLMNT filin

Instrument for uniformity measurement of EO layer

For future development of this technology . especially for imagung appheation, the spectial
respomse has 1o be ven untform (such as 02 Pot within the entire aperture. One magor 1ssue
controlling the umtormety i~ the matenal umtormun of the EO layers We are developmy @
metrology method 0 measure the umtorun with nanometers accuracy . which s the phase-
siufting white hght mterfetometer The winte-hght polanization mterterometer s based on
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INTRODUCTION

(ol

The information explosion of the past three decades has made storage
and retrieval a critical problem in industry, education, and the military.
For the Navy, the problem is amplified because of time, space, and weight
constraints aboard ship. In routine and combat situations, informatior
flow is the 1ife blood of our modern systems. The bulk paner medium seems
no longer consistent with the speed and complexity of the systems it is
intended to support. Large volumes of printed matter, e.g., reports, manuais,
books, diagrams, engineering drawings, etc., are difficult and inefficient to
file and retrieve. Furthermore, in military operations, there is the need
for the safe nandling of classified information, and at times, the necessity
for rapid and thorough destruction of classified materials to prevent their
compromise.

One approach to the probiem which appears to hold much promise is con-
virsion to microform systems. Bulk is reduced by more than 90 percent;
production and dissemination of information on fiim is considerably faster
and less costly than paper; storage and retrieval is fast, accurate, and
can bz fully automatic if so desired. Certain modern mi~coform retrieval
systems permit random access to any given document. Also, the files may be
browsed using one or more descriptors. These systems can do many things as
well or better than a cemputer and at considerably less cost. ysirg a com-
puter as a filing system and printing press is often indppropriate and
expensive.

For many businesses ard institutions, there appesirs to be every reason
to convert to microform. For certain cther applications, e.g., aboard ship,
a range of factors must be carefully considered before decisions in this re-
gard can be made. First, one would have to specify or analyze user require-
ments in the operational setting. Next should be a survey of available
equipment and microferm systems. This equipmert would have to be eva'uated
with respect to its ability to meet user raquirements and te function well
in designated operational environments. Cost effectiveness would be an

[LF
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important factor and would include not only the cost of the equipment but
the entire conversion process which requires oraanizing, coding, and updating
the information to be handled by the microform system.

Depending upon the parzicdsiar application, general purpose equipment may
be found to be adequate. Or, there may be the need for development of a
dedicated system, one tailored to spec:fic user needs and functions.

A total systems approach to a problem such as this, while highly desir-
able, is not always possible because of financial and time constraints.
It is possible, however, to make an effective start by addressing certain
fundamental aspects of the probiem which will provide a fourndation for
further work. This was the orientation of the present study.

In reviewing the technical and trade literature in the microform field,
it became apparent that there is the need for basic human engineering data
which would aid in the design or selection of items of aquipment. This need
is aptly described by one expert in the field {Teplitz, 1970) as foilows:

“Even thsugh microfilm has been ayailable for almost 40 years. it is
just now coming into its own, being accepted on a broad enough basis to
provide a large market for equipment manufacturers, thus making new equip-
ment design feasidle. The number of micwnfiche users is increasing to the
point that careful human factors studies of the critical limitations and
weaknesses of available products and services have become essential.

“Basic problems do, ir fact, exist. These problems are amenabie to
solution, but only when and if the powerful tsois of empirical studies and
human factors applications toc these problems can be aprlied to all aspects
of the man-machine relationship.”

A key man-machine interface in microform systems is the film reader,
the point where the user interacts with the system and obtains the inform-
ation he needs from the displiay. it is important to know how the display




s

parameters interact to affect legibility. As part of the present study,
two experiments were conducted to obtain quantitative information on these
interactions.

Further, it is nacessary to know the characteristics of available readers
and microform egquipment. The second portion of the study consisted of a
survey of currently available microform equipment. The survey included
major U.S. and foreign manufacturers. In addition to summarizing specifica-
tions on available cameras, film processors and duplicators, reader-printers,
and rezders, descriptions of representative storage and retrieval systems
were prepared.

Although a comprehensive analysis of shipboard applicaticns was beyond
the scope of this effort, an attempt was made in the third phase of the study
to cateaorize the types of informatioa processing, and storage and retrieval
activities characteristic of shipboard enviromnment. This conceptualization
provides an overview of the generic functions tnvolved and helps to shod
1ight on potential shipboard applications.

The equipment survey and generic description of shipboard informaticn
processing activities together with the empirical study of legibility forined
the basis of conclusions and recommendations concerning shipboard applicaticn

of microform systems.




PART 1

EMPIRICAL INVESTIGATION OF DISPLAY LEGIRILITY

Conditions imposed by the shipboard environment were considered ir
selecting the parameters to be investigated. Aboard ship, the environment
differs in several important aspects from commercial or insiitutional
settings for which most microform eguipment is designed. Cne factor is the
aimost continuous presence of vibration. Another is the range of ambient
light conditions, including low light levels required for operator main-~
tenance of dark adaptation.

Shipboard Vibration

Yibration aboard ship is described as follows in MIL-STD-157R(Ships)
dated 11 August 1969, Paragraph 5.1.1.1 Steady State.

"A1l machinery and eaquipment installed abgard naval ships wili ordinarily
be subjected to varying frequencies and amplitudes of vibraticn, possibly
for long periods of time during which the machinery and equipment must
continue %o perform their normal functicns. Principal causes ¢ :teady state
shipboard vibration are (a) propeller blade excitation, and (b) unbaianced
forces of propeller and sharting. The vibration frequencies enccuntered
atoard ship vary from zero to approximately 33 hertz {Hz), (200C cycles per
minute {c.p.m.}). In some of the latest surface ships, frequencies of up
to 50 Hz {3002 c.p.m.) have been observed. The severity c¢f vibration on a
ship depends upon the tvpe of snip and the location of equipment within the
ship's structure."

Paragraph 5.1.1.2 Transient.

"Vibration measuremzats for steady ctate conditions are usually -ade i
relatively quiet seas and during steady speed operations. However, chips
not operate under these conditions for any exterded length of time as the
speed, heading, and sea state may change. A change in any one of these con-
ditions such as sea state has a great effect on the longitudinal, verticail,
and athwariship vibration levels. The increase in displacement amplitude is
almost proportional to wave height.™
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Table 1 below from the above MIL Standard shows shipboard vibration

for steady state conditions.

TABLE 1
Vibratory Displacement of Environmental Vibration

Fraquency Range Table Amolitude
(Hz) (inch)
4 to 15 0.030 + 0.006
16 to 25 020 = 004
26 t0 33 010 ¢+ .002
34 to 40 .005 £ .001
41 to 5C .003 = .000

It may be noted that the steady state amplitudes indicated may be increased
by several times in rough sea and durirng maneuvers. If such vibration acted
upon a critical element of an optical projection system such as a nrism or
mirror, image displacement would be proportional to the projection distarce in-
volved. Thus, it is conceivable that shipboard vibration could be amplified
sufficiently to severely degrade iegibiiity of the projected image.

Shipboard Ambient Light

Depending upon tha location and use of the microform reader, a wide ruange
of ambient light conditions may be imposed. It may not be possible to increase
or decrease ambient light levels because of requirements for other activities
in the immediate vicinity. In some instances, shielding of the display may be
pos;sible while for other applications, it may be necessary for several people
tc view the display simultaneously, making shielding impractical.
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Another consideration aboard ship is the need in certain circumstances
fer the poetential users of wicroform readers to maintain their dark adapta-
tion. Pilots in the ready room and flight deck perscnnel aboard a carrier
are two examples. A relevant question here is whether use of red overlays,
goggles, or other means may be employed while using a viewer and what effect
this might have c¢n display legibility.

Additional Factors

Along with the foregeing considerations are the basic factors of image
size, brightness, polarity, and resolution. An important question is the
manner in which these basic parameters interact with each other and the
shipboard variables to affect display legibility. The experiments conducted
in the present study were designed to provide definitive answers to these
questions.

Relationship of Display Characteristics

to Reading Sneed and Accuracy

Experiments were conducted tc determine the effect of several display

parameters on legibility as measured by reading speed and accuracy. Because

of the large number of variables involved, it was necessary to perform two
separate experiments. In the first experiment, the effect of image bright-
ness, size, resolution, polarity, vibration frequency and amplitude, and
ambient light were examined. In the second experiment, the variable cf
display color (white vs. red) was introduced and variation in ambient light
was eliminated. Also, the second experiment used a smaller range of image
brightness. A1l other variables and test procedures were the same as in
txperiment No. 1. Different subjects were used in each experiment.
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Experiment No. 1

Method

Apparatus. A special display system was constructed to permit precise
manipulation of the experimental display parameters. As illustrated in
Figure 1, the system was comprised of a Kodak Carousel projector, Model 650,
equipred »ith a projection Ektanar, F/3.5, 3-inch objective lens. The image
beam was interrupted by two front surface mirrors and reflected onto the back
of a Polaccat rear-projsction screen. The first mirror was mounted on an
electronically operated driver which caused the mirror (and display image)
to oscillate at selected frequencies and amplitudes. The second mirror was
stationary. A filter mount was located directly ir front of the projector .
objective lens. Imagesbackground color was varied by inserting a red filter
in this mount in the second experiment.

A separate control panel, connected by cable to the display unit, per-
mitted remote control of the system.

Brightness of the display image (projector lamp brightness) was controlled
by a continuously adjustable triac circuit along with appropriate nzutral
density filters to minimize color temperature snhift at low brightness ievels.
A 500 watt projector lamp produced a maximum screen brightness of 130 ft-L
on the viewing side.

The projectior screer was recessed 32 inches within a four-sided enciosure.
khite incandescent lanps were recessed behind plexiglass diffusing screens
in the top surface of the enclosure tc control ambient light. Ambient light
intensity was adjustable at the main control panel of the device. A separate
continuously adjustable triac cirzuit was employed to control the ambient
lamps. (Note: Ambient Tight was varied in Experiment No. 1; in
Experiment No. Z, the ambient lights remained off.) The ambient lamps

*Kodak M. 24 Red.
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provided an average maximem illumination of 100 ft-c on the enclosure
walls which were pa‘nted mat white. Surface reflectance was 0.8, yielding

a maximum surround brightness uf 80 ft-L.

A headrest was suspended from the upper enclosure surface to provide a
constant viewing distance of 28 inches to the center of the screen. (This
distance is nomally used in human factors specifications on displays.) A
blackout curtain, suspended from two arms extending from the top of the
enclosure, ensured exclusion of extraneous light.

As indicated in Figure 1, the projection system controlled vibration,
color, image brightness, and ambient light. The remaining variables were
controlled through preparation of the stimiilus transparencies.

Stimulus Transparancies. Variation in image size, resolution, and
polarity was established photographically in the production of the 35 mm
test transparencies. Original material was typed on good quality wnite
bond paper using an IBM Selectric typewriter. The type was 12 point,

12 pitch, IBM Letter Gothic (Code 005). Each page contained a single
paragraph of 100 words. The typed pages were photoaraphed with a Nikon

1M Camera using a Macrn~RNikor r/2 preset lens. The camera was mounted on
an animatograph calibrated in .0001 inches. Ektachrome ERR film was used
to achieve the desired degree of resolution and density. (Initial attempts
to work with black and white film were unsuccessful because of film grain
and loss of resolution in the reversal process.)

Negative slides (light letters on dark background) were produced as
original negatives. Te achieve tne positive slides (dark letters on light
background) Kodolith negatives were made using & mil polyester film to avoid
shrinkage or expansion. These negatives were then photographed and the
resulting negatives were developed yielding the desired positive trans-
narencies. Thus, both sets of transparencies, positive and negative, were
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originals, and therefore, rot subjected to an intermediate reversal process.
The resulting transparencies were of high resolution and high contrast.

3 Stimulus Content. Twenty-seven paragraphs were exccrpted from a high
scheol level textbook i{Copeland, 1964). A wide range of subject matter was
G; selected (physics, government, sociology, geography. rsychology, physiology,
: § etc.) to reduce possible effects due to content familiarity and to provide
1 a reasonably wide vocazbulary. Care was taken to exclude paragraphs with
e unusual words and those containing excessive repetition of words, phrases,

; or proper nouns. In general, the materials were considered to be factual,

! ‘;E informative, and reasonably interesting. Two sets of the 27 paragraphs vere
EZ produced as 35 mm transparencies, one set was positive, the other negative.
Each set of 27 transparencies represented three levels of size and three

-

levels of resolution with three slides within each cell of the 3 x 3 matrir.

g LN 2N
R R

Testing Environment. Testing was conducted in an 8' x 12' room which
was quiet and had no windows. Lights were turned off during testing. A fan
in the projector ccoling system tended to mask any ambient noise which might
on occasion have been present,
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Subjects. The subjects were male and female junior college students
attending Northern Virginia Community “ollege. Al1 were paid volunteers.
Subjects ranged from 17 to 27 years in age. Each subject was screened
using a Titmus Industrial Vision Tester. The test included near and far
visual acuity (binocular and monocular), vertical and lateral phoria. color
vision, and stereopsis (binocular depth perception). Requiremenls for 20/30
far visual acuity, i4/16 near visual acuity, and #ormal color vision were
established arbitrarily and individuals who failed to reach these criteria
were excluded from participation. Also, any indfviduals exhibiting problems
of visual over- or under-convergence were excluded.
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Forty-eight subjects were selected at random for Experiment No. 1;
twenty-four for Experiment No. Z; and twenty served as contic: subjects
reading only from typed materials. The latter subjects provided baseline
data on paragraph reading times and difficulty.

S SRS s A s

Dependent Measures. Becaiise of the nature of the task, it was neces-
sary to use more than a single dependent measure. Two logical measures
were reading rate and errors. Reading rate was defined as the number of
words read correctly (i.e., words read minus misread words) divided by
time taken for the total words read. For example, iT a subject read 100

words in 30 seconds but misrzad two words, his reading rate would be -
(100-2)/30. E

A PP

il
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Errers were considered to be of two kinds. One was where a word was
misread, e.g., "over" read as "often". Cmissicns or words simply not attempted
was the second tvpe of error.

N

I

it

The range of display legibility varied from excellent to unreadable.
Where the display was clearly legible, errors would be negligible and reading
rate would be an adequate measure of performance. Where display legibilit
was pocr and only a small portion of the words could be read, errors would
be an appropriate measure refiecting the difficulty of the task. For
moderate legibility, however, neither measure by itself would adequately
describe performance as related to task difficulty. For example, if a sub-
ject read 30 words correctly in 15 seconds, his reading rate weuld be 3C/15
= or two words per sacond. This, however, does net indicate that more than
two thirds of the paragraph could not be read. Similarly, the cmission
score wouid be 7G percent. But this does not tell how quickly the lerible
words were read. Clearly, both measures are necessary to present an accurate
picture of task difficulty, i.e., display legibility. Both were obtaired
ard analyzed separately. However, to facilitate analysis and interpretation
of the data, a combined score (P) was computed using both reading rate and
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errers/omissions. The combinad score was the product of reading rate and

the proportion cf the paragraph read correctly.

In treating the performance scores, two additional operations were
performed. First, reading rate in words per second was converted to words
per minute. Second, each score was adjusted for the reading cifficulty
of each paragraph apart from any experimental treatment efferts.

Although an attempt was made to select paragraphs of equal reading dif-
ficuity, it was felt that small differences would still exist. To permit
appropriate adjustment of the performance scoras, baseline measures were
obtained for each paragraph. Twenty subjects, not participating in the
experiments proper, were asked to read each of the 27 test paragraphs cut
Toud from the original typewritten copy. The mean reading rate {errors were

less than 1 percent) was then calculated for each paragraph based on these
20 subjects.

Th. overall mean reading time (averaging across subjects and paragrapht)
was 30 seconds. The mean time for each paragraph (averaging across the
20 subjects) ranged from 26 seconds to 36 seconds.

A weight was then computed for each paragraph .0 normalize its average
reading rate with respect to the overall mean of 3C seconds.

For example, if the mean time for a given paragraph was 22 seconds, ire
weight {w) was calculated &s 30/28 or 1.07. The score for each sutject
on that paragraph would then be multipiied by 1.07.

If, for example, the mean time for another pazagraph was 25 seconds,
its weight wouid be 30/35 or 0.86.

In computing the combined rate and error scores (P), errors were con-
verted to accuracy scores so that all measures would have the same positive
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relationship to pe formance. For example, an error/omission scere of
30 percent corresponds to an accuracy score of 70 percent. All reading
rate scores were adiusted according to this weighting process.

The combined score was computed as shown in Equation 1.

P = kw (RA) (Equation 1))

where;
P = combined score (reaaing rate corrected for display legibility

(accuracy of reading) and paragraph difficulty). Units are
words per minute.

k = 60, Lo convert words per second io words per winute.

w = weight correcting for paragraph reading difficulty as explained
above.

R = observed reading rate, words per seccnd.

A = reading accuracy (proportion of paragraph read correctiy).

Procedure. The subject was seated at tlhe apparatus. Tape recorded
instructions were presented after which the experimenter provided any neces-
sary clarification as to proceduras. Subjects were tcld that the experi-
ment was attempting to find cut how the quality of a projected image
w3s related to reading speed and accuracy. They were simply to read the
prejected paragraphs out loud as gquickly, clearly, and accurately as pos~
sible without rumning words together. Each paragraph was numbered. The

subject was to call off the number and then immediately commence reading out
loud.

-13 -




In the instructions, subjects were encouraged to continue trying to read
even though they might lose the "sense" of the paragraph because of poor
viewing conditions. If this happenad, they were to scan a line at a time
and report any words or phrases which they could still read. Upon completing
the paragraph, the subject was to say "rext", whereupon the experimenter
presented the next slide.

A wire harness worn around the neck held a small miicrophone in place
approximately 3 inches in front of the subject's mouth. As the subject
read, his voice was recorded on an individual tape cartridge for later
analysis.

Before beginning the test proper, each subject was given a typewritten
paragraph and asked to read it out loud quickly but in a normal manner to
check the recording level. This task served as a warm-up and practice trial.
Then, the subject faced the apparatus and placed his forehead against the
padded head rest. He was presented a total of 27 paragraphs in predetermined,
random sequence. The only change necessary during tes.ing was in vibration
frequency. Nine of the slides were presented without vibration, nine were
at 15 Hz vibration, and nine were at 30 Hz. The remaining test conditions,
jncludiny vibraticn amplitude, were preselected before testing began and did
not change during testirng of a given subject.

Statistical Design

A mixed analysis of variance design, as shown in Figure 2> was selected
to perm:t evaluation of the interactions while keeping the size of the exper-
jment within reason. In this mixed design, subjects aperating under a given
combinatior of treatment conditions are exposed to all combinations of the
remaining variables. Those treatments which are common to all subjects are
termed “"within-sub’ects" variables. Those divided among subjects are termed
"betwean-subjects" variables. In this experiment, resolution, image size,
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and vibration frequency were within-sutiects variables. The between-
subjects variables were image brightness, polarity, ambient illumination, and
vibration amplitude.

Values of the test parameters are presented ir Exhibit i(a) {page 70)
which may be folded out for easv reference.

Results

An analysis of variance was done on each of the dependent measures,
(1) reading rate, (2) error rate converted to percent correct, and (3) the
combined score defined by Equation 1 discussed earlier.

The data for all three measures were also plotted and visually inspected.
Generally, the statisticaliy significant effects fell in the expected
directions. Performance was better for disnlays of high resolution and
brightress and large size. Performance was alsc better in the absence of
vibration ard under low ambient illumination.

Initial inspection and statistical analysis revealed that image polarity
(positive vs. negativa) did not differentially affect performance nor did
polarity interact with any other variable. Polarity was, therefore, eliminated
from further consideration in this experiment. The data were reanalyzed

ignoring polarity.

Table 2 presents the analysis of variance summary on reading rate.
Results of the analysis of error rate (percent correct) are shown in Table 3.
It may be seen that certain statistically significant terms are common to
both tables while others are not. As explained previously, each of these
measures vy itself does not adequately reflect task difficulty, and therefore,
these findings are presented as a matter of only passing interest. The con-
bined score gives the best indication of the manner in which overall reading
performance varied in recponse to the different display conditions. A
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TABLE 2 :

Analysis of Variance on Reading Rate §

Error ii

Source df MS Tern_ F :

3

Between Subjects 47 %

H Anbient I1lumination (I) 3 33872.89 (1) 3.11* 3
Image Brightress (B) 2 137911.02 1 12.65%* g
Vibration Amplitude (A) 1 1052607.60 (1) 96.57%* z

B x I 6 39078.61 (1) 3.59% §

Axi 3 5821.79 (1) - E

AxB 2 211112 (1) -- E
= AxBxl 6 16250.39 (1) .- 3
(1) Ss/A x B x I (Error Term) 24 16900.20 %

Within Subje.c. 1248 i%

Vibration Frequency (F} 2 284594 .51 (2) 171.32%* %

Image Size (S) 2 132789.51  (3) 187.07%* 3
= Image Resolution (R) 2 174455 .52 (4) 327 .47%* 3
Fxs 4 17862,26  (5) 34.08** ;
= FxR 4 2028.35  (6) 2.96* 3
- RxS 3 a5511.59  (7) 144 40+ 3
Fxl 8 1035.78  (2) -- 3

BxF 4 3991.33 (2 2.40 3

AxF 2 265919.95  (2) 160.13** 3

Ixs 6 1662.59 (3 2,34 z

8 xS 4 2842.41 (3) 4.00%** 3

AxS 2 30352.50  (3) 42.76%* g

IxR 6 778.26  (4) 1.46 3

B x R 3 774.97  (4) 1.45 E

A x R 2 15439.50 (4] 28.98%* 3

<17 - 3




TABLE 2 (cont.) g

Analysis of Variance on Reading Rate §

4

Error %

Source df MS Term  __ f 4

Within Subjects (cont.) %

FxIxs$ 12 617.73 (5) 1.18 3

BXxFxS 8 1122.62 (5) 2.14 3

AxFXS a 8225.43 (5) 15.69** 1

FxIxR 12 548.83 (6 -- 3

BxF xR 8 742.79 (6) 1.08 g

AxFxR 4 4361.80 {6) 6.37** 3

= IxRkxS 12 475.00 (7) 1.51 -
BxRxS 8 305.73 {7) --

3 AxRxS a 15646.11 (7)  69.64x 2

FRRxS 8 32:8.22 () 6.11%+ 3

BxFxl 12 1064.27 (2) - g

E AxFxl 6 144089 (2) - 3

E AXBxF 4 5580.59 (2) 3.42% [

E BxIxS$ 12 608.00 (3) -- g

3 AxIxs 6 373.99 (3) - 3

3 AxBxS 4 1186.70 (3) 1.67 3

3 Bx xR 12 721.44 (4) 1.35 g

4 AxTxK 6 309.98  {8) -- g

: AxBxR 4 1503.90 (4) 2.82% E

= BxFxlxs 24 1352.93  {5) 2.58%+ !

= AXFxIxs 12 2112.52 (5) §.034* g

AxBXFxS 8 2089.42 (5) 3.98%* 3

BxFxIxRg 25 - 749.07 (6) 1.09 %

AxFxIxR 12 773.35 (6) 1.13 E

AxBxFxR 3 905.39 (6) 1.32 §

%
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TABLE 2 (cont.)

: Analysis of Variance on Reading Rate
Error
Source df MS Term F
Within Subjects (cont.)
3 BxIxRxS 24 211.32 (7) --
= AxIxRxS 12 430.07 (7) i.36
3 AXxBxXRxS 8 697.27 (7) 2.21*
3 FxIxRxS 24 750.27 (8) 1.42
= BxFxRxS 16 332.89 (8) --
3 AxFXxRxS 8 4607.82 (8) g.75%+
9 AxBxFxl 12 1798.78 (2) 1.08
;§ AxBxIxS 12 874.39 {3) 1,23
- AxBxIxR 12 1163.47 (4) 2.18%
3 AXBxFxIxS$ 24 1251.10 (5) 2.39%
3 AxBxFxIxR 24 639.52 (6) -

AxBxIxRxS 24 362.22 (7) 1.15

BxFxIxXxRx3 48 630.73 (8) 1.20
E AxFxIxRxS 24 667.30 (8) 1.27
=4 AxBxFxRxS 16 1094.68 (8) 2.08*

AxBxFxIxRxS 48 524.19 (8) --

Erroy Terms

(2) Ss x FFAx B x 1 48 1660.61

(3) Ss x S/A x B x 1 48 709.85

{4) Ss x R/A x B x I 48 532.74

(5) Ss x FxS/AxBx1I 96 524.19

(6) Ss x F x K/A x B x I 96  684.35
-4 {7) Ss xR x S/A x B x 1 $6 315.317

/ (8) Ss x Fx Rx S/Ax B x T 192 526.81
* p<.05
** pe 01
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TABLE 3

Analysis of Variance on Error Rate (Percent Correct)

Source

of

Between Subjects 47

Ambient I1lumination (I)
Image Brightness (3)
Vibration Amplituce (A)

B x
A x
Ax

AxBxl

I
I
B

3
2
1
6
3
2
6

(1) Ss/A x B x I (Error Term) 24

Within Subjects 1248
Vibration Frequency (F) 2
Image Size (S) 2
Image Resolution (R) z
F xS 4
FrPR 4
RxS 4
Fxl 6
B xF 4
A xF 2
I x5 6
BxS 3
A xS 2
I xR 6
B xR 4
A xR 2
FelIxs 12

w o~

[

.6194
.0182
.2977
.6179
.2838
.7861
.2010
.1424

.1544
.5344
.2954
.0921
.48069
.2945
.0590
.3157
.4816
.0248
.0162
.6974
.0093
.0909
.4601
L0271

MS

Error
Term

(1)
(1)
(1)
(1)
(1)
8!

(1)

(2)
(3)
(4)
(5)
(6)
(7)
(2)
(2)
(2)
(3)
(3)
(3)
(4)
(4)
(4)
(5)

4.34*
14.17**
191.70**
4.34%*
1,99
5.52*
1.41

143.37%*
345.90**
177.17%*
82.73**
46.82%*
12.37%*
1.18
5.33%*
129.49**
1.55
1.01
231.09%*
4.89*%*
78.50**
2.05*
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%A TABLE 3 (cont.)

=

% Analysis of Variance on Error Rate (Percent Correct)

Error
Source df MS Tern F
Within Subjects (cont.)

BxFx$5 8 .0257 (5) 1.95
AxFxS 4 .8507 (5) £4.45%*
FxIxR 12 .0223 (6% 2.14*
BxFxR 8 .0148 {R) 1.42
AxF xR 4 3127 (6) 30.07%*
I xRxS 12 .0141 (7) --
BxRxS 8 .0091 (7 -~
AXRxS 4 .2588 (7} 10.87%
FXxXRxS 8 0455 (8) 4.4
BxFxl 12 .0857 (2) 1,72
AxF ol 6 .0572 (2) 1.15
AxBxF 4 .1892 (2) 3,797
3x1x3 12 .0il4 {3} --
AxIxS 6 .0325 (3} Z.09
AxBxS 4 .0857 (3) 5.30%
BxIxR 12 .0058 (4) -~
AxIxR 6 .0181 (4) -
AXxXBxR 4 .0360 {4) 1.61
BxFxIxS 24 .03056 {5) 2.32%*
AxFxI1xS 12 .0396 5, 3.00%*

| AxBxFxS 8 0575 (5) 4.36%*

BxFxIxR 24 .0251 16) 2.41%%
AxFxIxR 12 .0201 {6) 1.93*
AxBxFxR 8 .0199 (6) 1.91
BxIxRxS 24 .0172 (7) -
AxIxRxS 12 .012¢ (7) --
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TABLE 3 (cont.)

Analysis of Variance on Error Rate (Percent Correct)

I I 3> O3 I X 3 I > 3>
2 - L A S .

> X X X X

X

MM X X X X X X X X xX X X

Ss

Ss
Ss
Ss
Ss

R

=2

X XM X X X X X

R T B I A « M & B B RS & -~ - <

-
» X X X X X

Terms
Ss x F/A x B x I
Ss x S/ x B x 1
R/A x B x 1
FxS/AxBx
FrxR/AxBxI
RxS/AxBxI
xR xS/Ax8Bxl

X

X
X
X
X

Within Subjects (cent.)

S
S
S
S
1
S
R
I
1
R

R

R o
RxS

T
&

Error
MS Term
.0448 (7)
.0185 (8)
.0161 (8)
.0605 (8)
.0785 (2)
.0433 (3)
.0371 (4)
.0317 {5
.0270 (3
.0096 (7}
.0099 (8)
.0088 (8)
.0368 (8)
.0122 (8)
.0499
.0160
.0186
.0132
.0104
.0238
.0110

AR A b i e L e AN 5 M AL L1 SO Ve s s s

RS




sunmary of the analysis of variance based on the combined score is presented
in Teble 4. Also, all graphy presented below are based on the combined
measure.

In a study of this kind, there tends to be a considerable amount of inter-
action among the experimental variables. For example, letters of different
size may all be equally legible (with respect to a given performance criterion)
under stetic viewing conditions; but when vibration is introduced, they become
legible to different cegrees. The prevailing level of contrast or image
brightness may further differentially affect legibility in conjunction with
ietter size and vibration. In such instances, one has less interest in the
"main effects" of each individual variable, that is, in the performance means
for a given variable averaged across all other conditions, than in perform-
ance observed under specific combinations of treatment variables, namely,
the significant interaction effects.

On the other hand, there may be strong effects due to specific variables
which tend to maintain their general form when plotted as elaments of an
interaction. For this reason, we will briefly examine the sigrificant main
effects before proceeding to the interactions. Values for each variable are
presented in Exhibit 1(b) {page 70). The exhibit may be folded ..t for easy
reference.

Image Size (S). Figure 3(a} shows reading performance for the three sizes
of image used. It may be seen that 52 is associated with the best perform-

ance followed closely by S, (largest size used) and then S; (smallest size
used). What is not revealed here but is apparent in the size r resolution
interaction is that S, tended to be less vulnerable to reduced rasoiution
levels and vibration than did Sy or S3. Reasens for this are suggested
later in the discussion of interactions involving size, resolution and
vibration.
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TABLE 4
Analysis of Variance on the Combined Score (P) §
Error :
Source _df MS Term F
Between Subjects 47

Ambient I1lumination (I) 3 37151.89 (1) 3.15%

Image Brightness (B} ¢ 146114.90 1) 12.38%*
Vibration Ampiitude (A) 1 1236388.32 (1) 104 .78** :
B xI 6 40815.55 (1) 3.46*
Axl 3 4545,02 (1) -- =
A x B 2 3378.45 (1) -
AxBxI 6 11584.46 (1) -- 3
(1) Ss/A x B x 1 (Error Term) 24 11799.38 if
‘ Within Subjects 1248 1
= Vibration Frequency (F) 2 339295.72 (2) 214.35%*
Image Size (S) 2 161558. 92 (3)  193.20%* E
Image Resolution (R) 2 186405.39 (3) 356.06%** %
FxS 4 21797.20 (5) 13.25%* ¥
F xR 4 2114.84 (6) 2.96* g
5 RxS 4 42051.59 n 102.76%* -
Fxl 6 915.12 (2) -- £
B xF 4 4123.99 (2) 2.60* !
AxF 2 312172.59 (2)  197.22%* 3
IxS 6 2114.i5 (3) 2.53% g
B xS 4 3657.11 (3) 4.3g% 3
AxS 2 38738.76 (3) 46.35%* %
I xR 3 700.58 (4) 1.34 E
B x R 3 1203.63  (4) 2.30 2
A x R 2 13039.11 (4) 24.91%* f
Fxixs 12 787.39 (5) -- §




TABLE 4 (cont.)

Analysis of Variance on the Combined Scove (P)

Error
Source _df MS Term F
Within Subjects (cont.)
BxFx$S 8 1592.11 (5) -- :
AxFxS 4 9702.99 (5) 5.90%* z
FxIxR 12 711.03 {6) -- %
BxF xR ) 993.05 (6) 1.39 3
AxF xR A 3588.56 (6) 5.02%* g
IxXRxS 12 445 .46 (7) 1.09 e
BXxRxS 259.21 (7) -- 5
AxT™ xS 4 26218.87 (7) 64.07%* 3
FxRxS 8 4922.36 (8) 9.06%+
Bx Fxl 12 1276.86 (2) --
AxFxiI 6 1407.90 (2} -- ?é
AxBxF 4579.51 (2) 2.80% %
Bxixs$ 12 664.76 (3) -- —f’
AxIxs 459.43 (3) -- E
AxBxS 4 2053.86 (3) 2.46 E
BxIxR 12 731.74 (4) 1.40
AxIxR 6 364.16 (4) --
AxBxR 4 2061.48 (4) 3.94%% E
BxFxIxs$ 24 1485.16 (5) - b
AxFx1xs 12 2043.52 (5) 1.24 3
AxBxFxS 8 2242.02 (5) 1.36
BxFx!IxR 24 . 895.72 (6) 1.25
AxFxIxR 12 947.41 (5) 1.33
AxBxFxR 8 1261.77 (6) 1.77
BxIxRxS 24 230.32 (7) --
AxIxRxS 12 600.11 (7) 1.47




TABLE 4 (cont.)

Analysis of Variance on the Combined Score (P)

Within Subjects (cont.}

AxBxRxS

FxI xRxS
BxFxRxS
AxFxRxS
Ax8xFxlI
AxBxIxS
AxBxIXxR
AxBxFxIxS$S
AxBxFxIxR
AxBxIxRxS
BxFxIxRxS
AxFxIxRxS
AxBxFxRxS
AxBxFxIxRxS

b R T R e

I
G oA

§

-

)

b

T
A e '"‘u"‘;xﬁq,wh it Hu]"l(‘“ f“,:_‘“‘m [

Error Terms

F/A x B x 1

x S/A x 8 x 1
QR/AxBx1
FxS/AxBxI
FxRAxBxI
RxS/AxBxI
FXRxS/AxBxI

-
i
E:
i~
-3

+ =3
e
=

16

12

1
EY

12
24
24
24
48
24
16
48

48
48
48
9%
96
36
192
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MS

Error
Term

946.60
728.62
401.89
7026.96
2304.40
1ju5.22
- 31.35
1338.91
793.88
441.28
682.04
719.00
1210.48
629.85

1582.87
835.85
523.52

1644 .58
714.22
409.22
543.20

(7)
(8)
(8)
(8)
(2)
(3)
(4)

16)
(7)
(8)
(8)
(8)
(8)

2.21*
1.34

12.94%*

1.46
1.32
2.73%*
1.11
1.08
1.26
1.32
2.23%*
1.16
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Image Resolution (R). Figure 3(b) shows the effect of image resoluticn

when performance scores are averaged across all othe ~eatment conditions.
Generally, performance improved as image resolri.o. ..proved.

Image Brightness (B). Figure 3(c) presents reading performance for the
three levels of image brightness used. Overall, performance improved as
image brightness increased. However, there are important limitations which
are shown later in the brightness x ambient illumination interaction. The
"best" level of image brightness depends upon ambient viewing conditions

among other thinas.

Vibration Frequency (F). Figure 3{(d) shows the effect of vibration
frequency cn reading performance, averaged across vibration amplitude and
the remaining test variables. Vibration produced a strong decrement in per-
formance. The apparently small difference between 15 Hz and 3G Hz, when
tested separately, was statistically significant at the .J5 level.

R ,!'L,‘,\fhj,‘, bl ‘j(n!‘.mw Lk

Ao 3

i
il

Vibration Ampiitude (A). Figure 3(e) shows performance under the two
levels of vibration amplitude. While 1/3-inch vertical oscillation of the
image had a very small effect, 1/4-inch amplitude had a devastating effect,
particularly for the small image size {Sy). (See vibration amplitude x image

size in Figure 5(c).)

oA

Ambient Illumination (I}. Figure 3{f) shows performance as a function of
ambient illuminatiocn. Performance was scmewhat better 2t low ambiert iljumi-
nation levals as would be expected. Again, the effect is different ated at
different levels of image brightness. {See image brightness x ambient

illumination in Figure 4(c).)
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Image Resolution x Image Size (R x S). Figure 4(a) shows the combined é

effect of image resolution and image size on reading performance. It may be
seen that at the lowest resolution level (10 cycles/mm), the smallest image i

it

size used (?1) is associated with the pcorest performance. The largest size

é (53) is next, and the middle sized image (52) is best. At the nhighest
e resclution level (60 cycles/mm), S3 is best, S, nrext, and 51 peerest. 2
It must be ncted at this point that in all subsequent graphs. where data %
have been averaged acress levels of resolution, 52 appears superior to S] g
and S3. It owes this apparent superiority to the better performance assc- §
ciated with it at the lower levels of rasolution used. :

image Brightness x image Size (B x §). Figure 4{b) shows reading per-

formance as a function of image brightness with image size as the darameter.
As can be seen, there is improvement in perfornance with increased i~aage

T — e — " i
A o (b ™ TN e
Rl G TR A i e R TR T iy

brightness. The larger two image sizes (S, and 33) improved at a siightly
faster rate than Sl‘

Image Brightness x Ambisnt Illumination fB x 1}. Figure 2:2% ,r

S
reading performance as a functicn of ambient illumination «ith imzge bright-
ness as the parameter. Performance asseciated with all i~aze brighipess
levels used showed a general decline as ambient illumination increazed {ror
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An interestiag reversal occurs between 25 ft-c and G ft-¢ - %= {llumi-

by

it gyttt

nation. Performance associated with the dim image (61 = 4 ft-L) beccmes btest
while that for the brightest image {83 = 80 ft-L} becomes pooresi. The
magnitude of the effect is small here but it can readily be ve.ified by icok-
ing at the test display. Under low ambient illuminatiorn {0 ft-c), the 80 ft-L

B R DAASIRA e

o Rl e o a0 it

image appears too brisht--there is irradiation or spiiling of iight avound
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the edges of each letter. Further, when the bright image is vibrated under
lcw ambient illumination, it prolongs persistence of the retinal image which
tends to decrease legibility. An image 0 low brightness is definitely
more legible and more comfortable to read under low ambient light.

Ambient I1lumination x Image Size (I x S). Shown in Figure 4(d) are the
combined effects of ambient iliumination and image size. As ambient illumi-

nation increases, performance associated with the thiee sizes tends to de-
ciine with the largest decline occurring over the G to 50 ft-c range.

Performance for the small image (51) is consistently poorer than for
the other two sizes and dces not change appreciably acress levels of ambient
1ight. The curves tend to converge at the highest level of ambjent illumi-
nation.

Vibration Amplitude x Vibration Freguency (A x F}. Reading performance

is shown in Figure 4{e) as a function of vibration frequency wiih vitration
amplitude as the parameter. The two data points at the left {0 frequercy)
represent viewing conditions in which no vibration was present, Introduction
of 1/8-inch amplitude cscillation did not markedly affect performance when
averaged across all other conditions. The 1/4-inch amplitude vibration,
kowever, was highly disruptive.

These data were retested omitting the 0 freguency (no-vibration) data.
The A x F interaction was still statistically significant (F=8.55: &.f.=1, 24).
Although the effect is small when the contrcl data are ignored, the resulls
suggest that the disruptive effects of vibration depend corjeintiy on fre-
cuency and amplitude.
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Vibration Frequency x Image Size (F x S). Figure 4(f) shows ciearly
a differential effect of vibration frequency on reading performance for
different sizes of image. Performance declines noticeably hetween zero-
frequency (no-vibration) and 15 Hz. From 15 Hz to 30 Hz, the S2 and S3
curves show no further drop while the S; (small image size) continues to
declirne.

Vibration Frequency x Image Resclution (F x R). Figure 5{(a) shows
reading performance as a function of vibration frequency with image re-
solution as the parameter. The separaie effects of resolution and
vibration freauency are clear but the basis of their statistically signif-
icant interaction is not as apparent. Most likely, it is because there
is more separation hetween the curves at 15 Hz and 30 Hz than at 0 Hz (no-
vibration) but the difference, as demonstrated here, would not seem to be

of practical consequence.

Image Brightness x Vibration Frequency {B x F). The effezt of vibration
frequency on reading performanca for different levels of image brightness
is shown in Figure 5(b). It can be seen that all three brightnzss curves
decline between 0 and 15 Hz and tend to diverge. From 15 to 20 Hz, the
higher brightness curves (B3 and Bp) tend to level off while By {lowest
brightness) apparentiy continues to decline.

S e R A kS St S

Sl vt

A,

Vibration Amplitude x Image Size (A x S). 1he differential effect of
vibration amplitude on the legibility of different sized images i5 shown in
Figure 5(c). The Ap curve represents the no-vibration contro! condition
(same data as F0 = 0 Hz). It may be seen that there was essentially no
difference in performance between the no-vibration condition (Rg) end
1/3-inch amplitude vibration (Al). However, under 1/4-isch amplitude,
performance for all image sizes was reduced substantialiy. Performance

- 32 -
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for image sizes S3 and S, was reduced by 50 percent and the S; images were
rendered illegible (performance scores reduced by 90 percent relative to

“

the no-vibration condition).

Vibration Amplitude x Image Resolution (A x R}. Figure 5(d) shows
reading performance as a function of image resolution for the different
conditions of vibration amplitude. As in the A x S interaction above, there
is essentially no difference between the Ay (no-vibration) and A; (1/8-inch
amplitude) curves. Introduction of 1/4-inch amplitude oscillation reduced
performance at high and medium resolution level. v more than 50 percent
while at low resolution the display was rendered virtually illegible.

ST I S0 L R AL S s, i *’»vénmm.wnwtwmwmmmmwm‘wmmwwwmmwmﬁ U AT
A i 1 b L A

Vibration Ampiitude x Image Resolution x Image Size (A x R x §). The

interaction of vibration amplitude, image resclutior, and image size is shown
in Figures 6(a), 6(b), and 6(c). Each figure represents a different level

of image resolution, Looking at Figure §(a) which represents the lowest re-
solution level used, it may be seen that under 1/4-inch vibration amplitude

the smallest image (Sy) reflects the poorest performance, with S3 (largest
The same relationship among image sizes holds for

size) next, and 5p best.
the -oro and 1/8-inch vibration conditions with 1ittle difference between
the latter twu curves. Moving to Figure 6(b}, the next higher resolution

Tevel used, the Ay and Aj curves still fall ciose together but there is now

less difference across the three sizes of image. Uncer the 1/4-inch vibration

(Ap), it can be seen that Sp and S3 have been elped somewhat by the increased
resciution but Sy is still essentially illegible.

Finally at Ry, Figure 6(c), it can be seen that Ay (no-vibration) and
Ay (1/8-inch vibration) are clearly separated with Ay representing consistently

tetter performance. Also, there is the suggestion that at the high level

of resolution and low vibration amplitude, the smallar image (S3) is asso-
ciated with better reading performance. When 1/4-inch vibration {Ap) is

e b W
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introduced, the degradation which results is inversely related to image
size and again 5 becomes illegible for all practical purposes.

Vibration Amplitude x Image Brightness x Image Resolu*ion {A x B x R).
Figures 6(d), 6(e), and 6(f) show this interaction. Viewing the three
figures from left to right (increasing resolution), it can be seen that
overall there is a general improvement in reading performance, somewhat
more so for the Ay (1/4-inch vibration) condition.

At Ry (Figure 6(f)). the Ay and A} curves are clearly separated showing
a small but consistent decrement due to 1/8-inch vibration (Aj). Perform-
ance under the 1/4-inch vibration condition (AZ) still falls well beiow the
other two. Tais difference is most pronounced for the lowest image bright-

ness {4 ft-L).

Vibration Amplitude x Image Brightness x Vibration Frequency (A x B x F).
This interaction is shown in Figure 7(a). RNo AQ curve is shown since the
zero freguency condition represents the no-vibration control condition.

(AO data and Fg data are the same scores. )

It may be seen that the six curves fall into two separate groups across
15 and 30 kKz. This grouping is due to the difference in vibration amplitude
(Ay = 1/8-inch vs. Ay = 1/4-inch). Within each group, the curves are
ordered clearly witk respect to image brightness, higher brightness being
associated with better performance.

In the Ay group, the curves tend to diverge with a greater rate of de-
gradation suggested for the iow image brightness curve (Al, By). Im- . Az

group, thera is only the smallest suggestion of a decline for 83 and Bl across
15 and 30 Hz. B, exhibits an apparent reversal, however, these scores (less

than 100) represent generally poor performance due to poor display legibiiity
and data variability is greater in this performance range.
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Looking carefully at the zero frequency (no-vibration) condition at
the left, it may be seen that the data points are ordered generally in
direct relation to image brightness.

Sl

Vibration Amplitude x Vibration Fregquency x Image Size {A x F x S).
This interaction is presented in Figure 7(b). The differential effects of
ampiitude and image size have been shown in Figure 5{c). Here it is of
interest to see whether the A x S effect differs for different levels of
vibration frequency. Tvo puints are worth noting. One is the degradation

ity st e

gt

of performance for the A,S; curve in going from 15 Hz to 30 Hz, suggesting
that small images are more sensitive to vibration frequency than larger ones.

oS i

Second is the form of the AzS; curve. The effect of frequency here is
only slight but at 15 Lz, the Azsl curve has little room for further cecline.

A A st

P

Vibration Amplitude x Vibration Frequency x Image Resolution (A x F x R).
As seen in Figure 7(c), the Ay (1/4-inch amplitude) curves tend to diverge
as vibration frequency increases from 0 to 15 to 30 Hz. The ARj curve, re-
presenting the lowest resolution used, shows a slight decline from 15 to 30 Hz.
Overall, it appears that the differential effects of frequency, while
statistically significant, are not pronounced in influencing the A x R effect.

s st

Vibration Frequency x Image Resolution x Image Size (F x R x S). This
interaction is shown in Figqures 7{(d), 7(e), and 7(f). In 7(d), represencing ;
the lowest resolution level, the curves for image size are clearly separated. ;
Whiie 52 and Sa show an initial drop in yoing from zero frequenc {no-
vibration}) ic 15 Hz, they appear to level of f with no further decline at
30 Hz. However, 51 continues to decline indicating the vulnerability of a
small, low resolution image to vibration frequency.

W Wil it




As resolution increascd, Figures 7(e) and 7(f), performance generally
increased. At Rp, the divference between Sy and S3 i greatly reduced but
S1 still lags behind. At R3 (Figure 7{f}), S; is associated with the best
performance of the threc sizes at zero vibration but declines as vibration
frequency increases. At 30 Hz, $; is agsin poorest. Even at high resoluticw,
the smallest image is vulnerable to vibration frequency.
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The remaining statistically significant higher order interac. ons were
plotted and inspected visually. Hcwever, the effects involved did ~ot seem
of practical consequence, and therefore, are not presented.
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Experiment No. 2

The primary purpose of this experiment was to assess the effect of
red vs. white images (background for pcsitive transparencies) on display
legibility.

Method

A1l the apparatus, procedures, test conditions, and dependent measures
were as described in Experiment No. 1 with the following exceptions.

(1) Ambient il'umination was not varied; it remained at zero
throughout the experiment.

(2) The factor of image/surround color was introduced. On one half
of the trials, a red fi1ter* was used to produce red letters on a
dark surround for negative transparencies and dark letters against
a red surround for positive transparencies.

(3) Image brightness levels were 8, 28, and 48 ft-L.

(4) Twenty-four subjects not used in Experiment No 1 participated in
this experiment.

A1l remainind variables were as in Experiment No. 1. Values for the para-
meters are presénted in Exhibit 1(a) (page 70) which can be folded out for
easy raference.

*
Kodak No.

e I
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statistical Design

A mired anaiysis of variance design was used as described in Experiment
No. 1. The design matrix is shown in Figure 8.

Results

In general, the results were in good agreement with those of Experiment
No. 1, where corresponding conditions were tested. As in the first experi-
ment, image polarity showed no effect either in graphic or statistical

analysis of the data, and therefore, was excluded from further consideration.

The comparison of red vs. white displays alsc failed to reach signivicance

and visual inspection of the data showed no effect due to use of the red
filter.

image brightness, tested over the range of 8 tc 48 ft-L, was also non-
significant. It will be remembered that ambient 1ight was not varied here
and the range of image brightness tested was apparertly not great enough
to have a pronounced effect.

Certain other variables were not significant here although they were
found to be so in Experiment No. 1. This might be expected in that less
subjects were used in the second experiment, and therefore, small but real
effects would be less likely to be detected.

Results of the analyses of variance are presented in Tables 5, 6, and
7, corresponding respectively to the three dependent measures: {1) reading
rate, (2) accuracy, and (3) the combined score (P) as defined earlier in
Equation 1.
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TABLE 5

Analysis of Varjance on Reading Rate

Source

[= %
-

N
w

Between Subjects
Image Color (C)
Image Brightness (B}
Vibration Amplitude (A)
BxC
AxC
AxB
AxBxC
(1) Ss/A x B x C (Error Term) 12

N N = D =N

Within Subjects 624
Vibration Frequency (F}
Image Size (S)

Image Resoiution (R)
FxS

F x
R x
Cx
B x
A x
€ x
B x
A x
C x
B x
A X
€ x

£ NN B NN NN DB NN SN SR SN NN

he s - < B - B « B 7 T ¥, I V0 B & M ¢ M s BV .+

- 43 -

..ror
MS Term F
1932.35 (1) --
7676.22 (1) 2.24
519010.68 (1} 151.25**
12438.35 (1) 3.62
15070.41 (1) 4.39
6414.30 (1) 1.87
13176.86 (1) 3.84
3431.37
178852.10 (2) 112.20%*
77893.50 (3) 90.72%*
80867.14 (4) 98.74**
2785.05 (5) 1.47
3218.98 (6) 3.51*
29073.88 (7) 110.25**
5266.48 (2) 3.18
2738.81 (2) 1.72
189154.18 (2) 118.66**
308.51 (3) --
3415.29 (3) 3.98*
4805.48 (3) 5.60%
1105.64 (4) 1.35
487.69 (4) --
5413.50 (4) 6.61%*
379.87 (5) --
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TABLE & {cont.)

Anaiysis of Variance on Reading Rate

Source

df

— —

Within Subjects (cont.)

B xF
AxfF

(9]
~
-

W > D I I W I U 0O IOM T OO > W
MO O X X X M M M OX X X X K K X XK M X X X N
[r NN ~ - B oo SRR oo BN +'* B o B o B~ ~ B~ « BD-~ B~ BN & B 4 |

XX M OM X O X X X X X X X X X X X X X X X X X X

> =
OO MO OO Y

X

S

oom o wn

X T T T T M T XX WV WD»m LT T T o »n »n n»n

oK oX X M X MK X

(7, I < B~ < I« B Ve B Ve B V4 |

O O £H O M 4 O N S BN S NS0 0SS 00 s

- 44 -

Error
MS Term F
1610.49 (5) --
1908.27 (5) 1.01
6576.52 (6) -
1117.01 (6) 1.22
1608.05 (6) 1.10
545.55 (7) 2.07
217.2 (7) e
6467.15 (7) 24 .52%*
3178.02 (8) 4,21%*
540.81 (2) ~-
1822.07 (2) 1.14
3163.94 (2) 1.98
778.54 (3; -
1319.40 (3) 1.54
797.39 (3) --
487.16 (4) --
451.27 (4) -~
2403.57 (4) 2.93*
2058.00 (5) 1.09
615.84 (5) --
264G.80 {5) 1.40
892.79 {(6) --
521.88 (6) --
449.21 (6) --
271.36 (7 1.03
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TABLE 5 (cont.)

Analysis of Variance on Reading Rate

Source

R A

AxC
A x
Cx
B x
A x
A x
A x
A x
A x
A x
. A x
3 B x
3 A x
- A x
A x

(v

(o= B < - I o N o SO ~ < B - - N+ ~ B o~ B v > B ~ = Bt B A1

(27 Ss
(3) ss
(8) Ss
(5) Ss
(6) Ss
(7) Ss
(8) Ss
* p<.,05
**p<.01

X
X
X

X X X X M X X x X X X
' s T T T o T o T T o T o T ]

o

Within Subjects (cont.)

R x
R x
P x
R x

-~
x

xS
x R
xS
xS
xS
xS

fF xRxS

b2« IS B B - B & B o -~ B 7 B o I 7 B 7 V2 IR 7« IR V2]

X X X X X x X K X

bad
-t

Error Terms

« F/AxBxC
xS/AxBxC
“RAXxBxC
xFxS/AxBxC
xFxRAxBxC
XRxS/AxBxC
xFxRxS/MAxBxC

@ ©

16

0 0 o H» H D

- 45 -

MS

2356.29
497.23
426.45
586.33
3919.72
686.82
3006.23
467 "3
1856. 2
1355.12
452.30
978.70
682.9¢
321.27
767.83

1594.07
858.61
319.01

1862.42
917.87
263.70
755.16

Error
Term

(7)
(7)
(8)
(8)
(8)
(2)
(3)
(4)
(5)
{6)
(n
(8)
{8)
(8)
(8)
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TABLE 6

Analysis of Veriance on Error Rate (Percent Correct)

Sourca

Between Subjects
Image Color {C)
Image Brightness (B)
Vibration Amplitude (A)
BxC
AxC
AxB
AxBxC

(1) Ss/A x B x C (Error Term)

Within Subjects
Vibration Freguency {F}
Image Size (S)
Image Resolution (R)
FxS

XKy UM
MoOM O XK XK XK X X X X X X
hea B - TS~ - B~ ~ TR 7 B ¥ B 7, B 2 T o M & N 72 BD- -}

[ T — N =~ B ot B ¢ T o< B o |

df

23

1
2
1
2
1
2
2
12

624

O ORI A I T - T S R R - AN R T T - TR A L B

- 46 -

Error
) Term F
.3147 (1) 1.88
.0045 (1) --
15.2450 (1) 97.16**
.0296 (1) .-
.2178 (1) 1.30
.0001 (1) .
.0759 (1) -
.1672
4.4950 (2) 58.34%*
2.7154 (3) 151.70%*
1.6594 (4) 207.42%*
.5802 (5) 37.59%*
.4121 (6) 57.24%+
.1071 (7} 7.54%%
.0776 {2) 1.03
.0176 (2) .- :
4.3189 (2) 57.20%* :
.0222 (3) 1.24 ]
.0433 (3) 2.42 §
1.8712 (3) 104, 54%* g
.0061 (8) -
.0038 (4) -- i
1.1347 (3) 141.84%* :
L0112 (5) --




TABLE 6 (cont.)

Analysis of Variance on Error Rate (Percent Correct)

Source

B xF
AxF
CxF
8 xF
A«F
R
R
R

>

Moo MO M OK X X X MK XK XK X X XM
[~ IV SRR oo TN « - BN o TN a0 B v~ B oo Y 4t 20 > 2N o T o N - B o B o
M OX XK M O X X X K MK X MK XX X X X X X X X

Tr F» o0 e o X» 0 O3> I O 3 P> W I

b = 2
” K
<y O

xS
xS
xR

bod
oo BV I 7 I 7 B ¢ B e S T 7 B 7 B ¥« B 7« B~ < B o

W X T T m T o m M XD 0
® X M M K X X X

x

Within Subjects (cont.)

L7 B Vs B~ - B~ - - » B 7% BV B V4

Error

df MS Term F

8 .0274 (5) 1.74

4 .4951 (5) 31.54%*
4 .0083 (6) 1.15

8 .0024 (6) -

4 .2873 (6) 39.00%*
4 .0416 (7) 2.93*
8 .0040 (7) --

4 .2050 (7) 14.44%%
8 .0371 (8) 4.70%
4 .0134 (2) --

Z .0911 (2) 1.21

4 .0043 (2) --

§ .0259 (3) 1.45

2 .0144 {3) -

4 .0175 (3) --

4 .0114 (3) 1.42

2 .0058 (4) --

4 .0027 (4) --

8 .0082 {5) -

4 .G062 {5) --

8 .0234 {5} 1.43%
8 .0093 {(6) 1.29

! .0025 (6) -

8 .0043 (6} --

8 .0118 (7) --

4 .0673 (7 4.74%




TABLE 6 {cont.)

Aralysis of Variance on Error Rate {Percent Correct)

Source _df

Within Subjects (cont.)
AxBxRxS 8
CxFxRxS 8
BxFxRx5S 16
AxFxRxS 8
AxBxCxF 4
AxB8xCxS 4
AxBxTxR 4
AxBxCxFxS 8
AxBxCxFxR 8
AxBxCxRxS 8
BxCxFxRxS 16
AxCxFxRxS 8
AxBxFxEkxS 16
AxBxCxFxRxS 16

Error Terms

(2) Ss x F/AxBx¢C 24
(3) Ss x S/AxBxC 24
(4) Ss x R/IA x B x C 24
(5) Ss x FxS/AxBxC 48
() Ss x FxR/AxBxC 48
(7) Ss x RxS/AxBxt 48
(8) Ss x FxRxS/AxBxC 96

* p<.05

**p<.01

- 48 -

MS

.0148
.0137
.0037
.0670
.0325
.0174
.0087
.008eC
.0190
.0067
.0126
.0176
.0055
.0057

.0755
.0179
.G080
.0157
.0072
.0142
.0072

Error

Term F
(7) 1.04
(8) 1.73
(8) --
(8) 8.48**
(2) --
(3) --
(4) 1.09
(5) --
(6) 2.64*
(7) --
(8) 1.59
(8) 2.23
(8) --
(8) ~-
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Analysis of Variance on the Combined Score (P)

TABLE 7

Source

Between Subjects

Image Color (C)

Image Brightness (I\)
Vibration Amplitude (A)

BxC
AxC
AxB
AxBxC

(1) Ss/A x B x € (Error Term)}

Within Subjects

Vibration Fraquency (F)
Image Size (S)

Image Resolution (R)

FxS$S
F xR
RxS

x F
x F
x F
X S

Lon T = TN + -+ S oo B - N v < Y o0 B < N © B o]

» X X X XK
e B« B~ ~ B~ = S V) B

Error

df MS Tern F

23

1 19.26 (1) -

2 10876.37 (1) o=
1 622773.2€ (1) 32.98%*
2 15690.81 (1) -~
1 6941.37 (1) --

2 6652.78 (1) --

2 15643.14 (1) --

12 18883.94

624

2 230513.03 (2) 146.73**
2 84444 .56 (3) 80.73**
2 113261.20 (4) 46 .,50**
4 3588.32 {5) 1.78

4 4768.5¢ (6) 6.27*%*
3 19563.21 (7) 36.35**
2 5653.79 (2) 3.60*
4 1953.10 (2) 1.24

2 240229.93 {2) 152, 62%*
2 732.66 (3) -

4 1297.84 (3) 1.24
2 9983.79 (3) 9.54**
2 3048.39 (4) 1.25

4 3663.76 (4) 1.50
2 1682.17 {4) --

4 222.44 (3) --
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Analysis of Variance on the Combined Score (P)

TABLE 7 (cont.)

Within Subjects (cont.}

B

> > O P> P> W P> > WP PO M @O DO >

——y
-

> > >

Source

MoOOX OOX O OM O X M X X X X X X X X X X

N YOO O™ OO R DX T T T m

oo X X X X X X X

[gnd

F

-y
poa,

(9

X

HOX X X X X X X X X X X X X X X X
b s TR 2 TS~ - B~ S & B ¥/ TN ¥ SO #, T M M T 7 BN 7 B ¥ B 7 B B « B Y I ¥

X oK oM X X X X K
o m Mm Mmoo

X %W X X X X x X
LRV - R IR R VY

S

Error
_df MS Term F

8 2091.61 (5) 1.04
4 3285.01 (5) 1.63
4 628.34 (6) --

8 96C.38 (6) 1.26
4 1119.21 (6) 1.47
3 106.23 (7) --
8 522.03 (7 .-

4 10028.67 (7) 18,63%*
8 5103.86 (") 8.49%*
a 867.80 (2) --

2 2133.02 (2) 1.36
4 1834.16 (2) 1.17
4 378.82 (3) -

2 993.19 (3) -

4 399.55 (3) .-

4 2933.25 (3) 1.20
2 3405.24 (4) 1.40
4 6816.16 (3) 2.80*%
8 2148.32 (5) 1.06
4 691.11 (5) --

8 2862.77 {5) 1.42
8 226.04 (6) 1,22
4 21.96 (6) --
8 313.35 (6} --

8 271.63 (7) --

4 599,52 (7) 1.11
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TABLE 7 (cont.)

Anaiysis of Variance on the Combined Score (P)

Error
Source df MS Term

Ty

é

Within Subjects (cont.)
AxBxRxS 8 450.76 (7) -

CXxFXRXS 322.68 (8} -
BxFxRxS 16 458.14 (8) --
AxFxkxS 6096.88 (8) 10.14%* i
AxBxCxF 649.68 (2) -- :
AxBxCxS 1950.55 (3) 1.86
AXxBxCx 2442.86 (4) 1.00
AxBxCxFxS 1705.57 (5) --
AxBxCxFxR 943.50 (6) 1.24
AXBXCXRXS 771.85 (7) 1.43

X

X

X

X

i AL il

o)

00w ot USR5 Al 0 w4 08,6

T T s

b

I

bt v 0 bl i,

O 0 & B o O

BxCxF xS 16 922.95 (8) 1.53
AxCxF X 3 8 712.75 (8) 1.18
AxBxFxRx$S 16 455.38 (8) <= 5
AxBxCxFxRxS 16 473.32 (8) -

b= < B ~ -~ e 1 B LIS |
At i G0 ot B e 1,

.‘ .
bl Bt A s g

1]

o, "
AR

Error Terms
(2) Ss x F/AxBxC 24 1570.95
(23) Ss x S/AxBxC 24 1046 .07
: {8) Ss x R/A x Bx C 24 2435.56
(5) Ss x F x S/Ax B xC 48 2017.20
(6) Ss x F x RZ/A x B x C 48 769.24
(7) Ss x Rx S/AxBxC 48 538.18
(8) Ss x Fx RxS/AxBxC 9€ 001,38
* p<.0%
*4p2 01
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Since the combined score gives the more complete picture of the relation-
snip between performance and display conditions for reasons given earlier,
those results are presei 2d below.

Image Size (S). Figure 9(a) shows reading performance as a function
of image size. §, the smallest of the three sizes used, was associated with

noorer performance than 52 or 53.

Image Resolution (R). As seen in Figure 9(b), performance tended to
improve with increased resolution. The rate of improvement 1s somewhat
greater from 16 to 20 cycles/mm than from 20 to 60 cycles/mm.

Vibration Frequency (F}. Reading performance is shown as a function of
vibration frequency in Figure 9(c). The overall significant F-ratio was due
to the difference between no-vibration (0 Hz) and vibration { 15, 30 Hz).
The two vibration frequencies, 15 Hz vs. 30 h., were tested omitting the
no-vibration data and found nc’ to be significantly different.

Vibration Amplitude (A). The effect of vibration amplitude on reading
performance is shown in Figure 9(d). It can be seen that i/8-inch amplitude
produced only a slight drop in performance while 1/4-inch resulted in a

dramatic 67 percent lcss.

Image Resolution x Image Size {h x S). Figure 9{e) shows reading perform-
ance as a function of image resolution with image size as the parameter. These
curves are in very close agreement with those of Experiment No. 1 (Figure 4(a))
which used completely different subjects. At the highest resolution level
used (60 cycles/mm), performance is directly related to image size with the

- 52 -
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largest image best and the smallest image size poorest. At the lowest

resoiution used, 52 is best followed by 53, then Sl' S1 is poorest across
all resclution levels used.

Vibration Frequency x Image Resolution (F x R). As shown in Figure 9(f),
reading performance was better for higher levels of resolution. The resolu-
tion curves tend to diverge, however, as vibration frequency is increased.
While Ry and Ry show an initial drop between O and 15 Hz, they exhibit no
further loss at 30 Hz. A small loss occurs for the lewer resolution (Ry)
in going from 15 to 30 Hz.

Image Color x Vibration Frequency (C x F). Figure 10(a) shows reading

performance as a function of vibration freauency with image color as the
parameter. Image color by itself was not statistically significant (mean

nerformance for white = 114.5; mean performance fer red = 114.1), nor «as
the simple effect of 15 Hz vs. 30 Hz.

it is felt thac the interaction of these two factors, while statistically
significant, is not of sufficient magnitude to be of practical importance.

R e

Vibration Amplitude x Vibration Freguency (A x F). The effect of vibration

amplitude and vibration frequency on performance is shown in Figura 1G(b).
Only the effact of amplitude is apparent. The interaction is dzzmed of no
practical consequence.

Vibration Amplitude x Image Size (A x S}. As can bz seen in Figure 130(c),
1/6-inch amplitude (A,} had a more pronounced effect on the smalier image

size {Sy), rendering it illegible, while Sp and S3 nerformance levels were
reduced by about €0 percent.

- 54 -




[T

abewr x Adudnbuij uOLIRAQLA

JA010> abewt (e)

{ZH) ADNINDIYS NOLIVESRIA

Aw ¢ .ﬁv

:suoljseddlul Jasjawede

*azLs alewl X u0LIN|OSdL

(ZH)y AININO3YUI NOLIVUELA

‘az1s abewy x apn3jdue UOLIRAQLA (2)
$£oud bauj UOLILAGLA X B3pnYL|dwe UOLIBAQLA {q) ‘Afousnbauy uorjedqia X
d ;0 uoljouni e Se BdURWLCSJB Buipeey

‘o1 aanbitd

i) ADNINOIMA NULIVESIA

L] St 0 ot Si 0 Q€ b1 0
X - L L | 2 L g 14 [ 4 - UJ 0
l¢ o...lll'lllol.,l
d L e 0s
Ig P s L1 .-!...lc'.lllilll' /
- .
L @ smamommen——— L — 4 nwo!.l.l-l!allllllo/ QLDG—
e ts uu.\‘sn\...u.\Un.......u/
«ﬂ . nw
-
\\l/ -~ [
Cc @ 054
s 0{ /”
. .
- [+]¢]4
- 08 *.0f P-Gl
3215 30vwd ZH) AIN3NDIYS NOUVYSIA $ZHY A2NIND3YA NOLivYRlL
€s ts ] ot 5t 0 ot st 0
r - . . - - v v 0
-
. i ty ‘\\\n - Lcﬂ
ty lll\l\l\‘

[ Y Y
—UQ.I"iclll‘-lI.l

3N
/
~N
~

Lo
dos

L+ 1114

(AX IRV X AF R

ONVIVED Jd3d UNIG

A2IN2Y  RY)
INAWRO IS NIOY3E

£

v

3
2

- 55 -




R e it o

N

m
Y
O

i

Gt AR

T
R it

o

y
R

A et A

o

Vibration Frequency x Image Resojution x Image Size (F x R x S).
This interaction is shown in Figures 12(d), 10{e), and 10(f), corresponding

to low, medium, and high resolution levels, respectiveiy. At low resolu-
tion (Figure 10(d)), performance curves for the respective image sizes are
clearly separated with Sp best, S3 next, and Sy poorest. This holds across
all vibration frequencies for the low resolution (Ry) conditions. There aiso
is a decline in performance as vibration frequency increases, most of the
loss coming in the change from so-vibration tc 15 Hz.

As resolution is increased, there ic a general increase in performance
levels. The difference between S, and S3 is negligible at Ry. Tue smallest
size image (Sy) retains its relatively inferior position at the higher resolu-
tion levels.

Under conditions of vibration a* the highest resolution level (R3), 53
\1arge) is best followed by Sy and then Sy. At 0 Hz, S; is best.

Vibration Amplitude x Imace Resolution x Image Size (A x R x S). This
interaction is shown in Figures 11(a), 11(b), and 1i(c), corresponding
respectively to the three levels of image resolution tested. Leoking across
the three figures from left to right, it can be seen that there was an cver-
all improvement in reading performance as resolution was increased but the
rate and amount of improvement depended upon the image size and the attendent

vibration amplitude.

For all practical purposes, §; (small size) remains iliegible under
1/4-inch vibraticn at 211 levels of resclution. S, shows some improvement,
and S3 (large size) shows macked improvement with increased resolution.

At low resolution {Ry), performance associated with the no-vibration
(Ag) condition is best and is consistently about 10 percent higher than
the 1/8-inch vibration condition (A;). At low resolution, S, appears to be

more legible than S; or S3.
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As resolution is increased, the discrepancy between the Ag and A; curves
tends to disappear as does the differential effect of image size. It can
be concluded that high resolution targets are less vulnerablc to degradation
by vibration and, conversely, the lower the resolution and smaller the image
size, the greater the decrement for a given amount of vibration.

N

L
B e
i A e

S bt (20 0p 8
cusE oS i

Vibration Amplitude x Image Brightness x Image Rasolution (A x B x R).
Figures 11{d), 11{e), and 11(f) shov the A x B x R interaction. From
left to right, the figurec revresent increasing levels of resclution. Most
noticeable is the increase in performance levels depicted by the Ap curve
(1/4-inch vibration) as resolution is increased.

]

" e g o
W0 vt S T

drpi

At Ry and Ry, there is essentially no difference between the Ay and A;
curves while at low resolution (Ry), the no-vibration condition (Ap) is assoc-
iated with consistently better performance than A, (1/8-inch vibration). In
all cases, the Ay (1/4-inch vibration) curve is associated with relatively
poor reading performance althoughk there is a consistent improvement with
increased resoluticn.

The effect of image brightness is not pronounced. What effect there is,
is most apparent in the Ay and A, curves of Figure 11(d) between 8 and 28 ft-L.
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DISCUSSION

The foregeing test results show the manner in which the various dispiay
parameters affected display legibility, i.e., reading speed and acturezcy.
It was found that for the range of conditions tested, image polarity and
image color (red vs. white) had no significant effect on reading performarnce
while image resolution, brightness, and size proved to be important deter-
minants of legibility. Vibration of the project=d image reduced legibility
in proportion to the oscifllation amplitude, and to a lesser degree, in
relation to vibration frequency.

The individual variables affected lagibility in an erpected manner.
More importantly, the form and magnitude of their interactions has now been
determined in quantitative form. Although the curves presented show the
effect of the combined parameters on legibility, tne data may be presented
in somewhat different form to facilitate assessment of the relative effects
of each parameter. In particular, it appeared useful to express the scores
relative to that performance obtained by reading hand-held, typewritten
copy under good lighting conditions. It wiil be recalied that the necessary
reference data was obtained in determining the difficulty weight for each
paragraph. Twenty subjects who did not participote in the experiments proper
read each of the 27 paragraphs out lcud from typad copy. The overall aver-
age reading rate (errors were negligible) was 200 werds per minute. The
test scores were normalized with res<pect to 200 words per minute, e.g., a
performence score of 200 was counverted te 1.00, a score of 125 became
0.62, etc. The normalized scores are presented in Tables 3 through il. In
Table 8, the data have been averaged across image size while Tatias 3, 10,
and 11, respectively, represent the three different image sizes. Data in
each teble are classified according to the test conditions of ambient light,
image brightness, resolutien, and vibration amplitude.

The normalized scores in the tables may be viewed as legibility factors
relative to reading hand held copy at a nominial distance of 14 inches. From
these tables, it is possiple to obtain a clearer piciure of the relative




¥ :....Afﬂ‘i_i 0

99°  &pc 61" vt ver or° lest eyt sl ey ver LU og - tg
120 vt 5o ey zer wre Jevr wer 2t |vs eer or 8z = °g /1= Sy
o ¢1°  so° lzo® o000 o00° sz v1- 20 |5 eer g0 p = g
s° oL w9 |pe  e8  06° |00l €6 €6 |28 8L oL 08 = £g
98 s/t (9 et 99 99° lie  sc0  s.0 |s8 2 B9 8z = °g 8/1= Yy
¢9° g5 se |es syt ter |1 190 6t (s €8 sL p = 'g
i6° 8. v loer  wer 18t st 18t 6L |08 69" 99 08 = 'g
08 2.0 ¢9° |ou oz 1Lt les e 63 |es e or 82 = g .0 = Oy
e/°  29° 9y |ocr  os 9z lzgt o v9 leer 98 es p o= Uy _
w
| 00-54 022y or=Yy | 09=f¢ 0z=Cy o01="¥ [09=5y 02=%4 o01=Ty |09=5y 0z=%y oO1=Ty (1-14) (v) _
(g) ssauubpagl 8pnliiduy
(van/sa12£7) (y) uoiinjosay abew] abeut .013eAqQLA
05=t1 §2=%1 0='1
(9-34) (1) uotjeujuni|] Juaiquy

S8ZLS abew] avuyl SSOUDY pabeaday (d3nuia: a3d SpAOM Q0Z)

Ado) pad£} Buipesy 03 BALGE(&Y SBA0IS IDURULOIUDd POZ| | RWUON

8 318Vl

bt
. .

L,,. oY .::_ ,W.,, oot

, i At




IOETIrT R g Ty T . T DT T T TV T TR T RR T e 8 gy et e « I L L TR R AT L AR ) - BUEE MU a2 LR L ap At s me wpn i,ga.ﬁ

cv'  s0°  ©00° |0z <00 o0t lzlt  fo0 100 |vtt 900 00 08 = ‘g 1
%0° 20° 00" |¢rt 100 ©0° |60 200 00" |2z 90" 10" 82 = %8 | .o/1 = v |
91°  10°  60° |00  0G° 00 20 00" 06 |€1° €0 00 p o= lg )
o-  19° zv0 loot e 2 |ooti ter ozt losr wer e 08 = g
00'1  bL 6b° |08 290  eb- loe vy 85° l9e 3t 2y 8z = %a |.a/1 = Yy
or°  z¢t 920 lest w0t vt 95t et o001 28 26 y =g
00°T 06°  09° |CO'T 9° 89 |8 9/ st |1s0 89 8p o8 = g
68 2.0 05 |eL0 99 wst 83" 88 0§ |16 €L Ly 82 = “g .0 = Oy
£/°  99° 1et les wer 800 (w6t v sy lootr 28 29 y = lg .
- o
¥ or='¥|09=%y 0z=%4 ot="u!o00=%y o0z-% o1-"w|o09=by cz=% o1=Ny (1-24) (v) .
(9) ssaugubiag} spniiiowy
(wy/saydA2) ({y) uotinjosay abew| abew] UOLIRAGLA
v 0s=51 52=%1 0 =1
(9-33) (1) uotjeupuni|r JuaLquy

adA] yd3id 21 ‘3uLod 21 30 u0132a3fodd X/9°0 404 (33nupw 4dd SEUOM (502)

Adoy padAj Bulpeay 03 9A11R[8Y SOU0I§ BILRWAOILIY PIZL{LWAON

6 378vL

h



IGO0 TSR

TN g AN 0

R AT U W A

_ ;u,;;- 4;
20° £9° &y losT e o |65 85 Op 8y" gy L 08 = °g
g e1°  ¢t-  lost oz zer  |ssT  wyr 1g po°  §5°  9g’ 82 = g | .1 = %y
o sz ztt lyor o000 o000 |2t w2t o s° W sU p = g
g.° o8 £ loet  e6°  00°1 |¥6° L6° 00°L | s8° 16"  ¢©6 08 = g
20t oLr  se loet oz 9st v 28 16 (18" 26 gz =% | .8/1 =Yy
€9°  p5° €9 |§9° 8§ 99* 89 6L 28 98° 88" 86 p = g
08° 2.0 26 |v8° 08 86 |96  S6° 86 g9°  0L° 08 08 = g
9, £4° 98 |vet 08 06 |es 6.5 06 18° 08" 06 82 = °g .0 = Oy
2 89° 89 |19 93" s |si0 (90 98 26"  §6°  00°I p =g
09=54 0z=% o1=Ty [09=84 o0z=% o1="y |09=%w 02=%y o1="4 | 09-=%y o0z=%y or=Ty (1-33) (¢)
g) ssauaybiuag| apnijduy
(wur/sa|24A2) (y) uoliniosay abew] abeu uoLiedgiA
0o1="1 05=E1 62<%1 0 ='

(5-33) (1) uotjeutun||] Jusiquy

adk] yo3id 21 “3ulod 21 30 uol3dafouad X00°T 404 (83nuiw 4dd spaoM 002)
Adoy padA] Bulpeay 03 8ALIR|3Y SIU0DG IDULWAOJUADG PBZLBULON

0t 378vYl

A e

- 62 -




% pp© 08 20" {20 o000 00" eyt 410 to°  lest et so v = lg
2 £ |
i 0" 89" 20 |88 88 w6 &' 16" 260 logT LT 48 08 = Eg
4 6 9,0 89 |2.0 b9 p9  los" €Lt 9L g8t 8L oL 82 = g | .8/1 = 'y
i 19°  vs* sz |ost  9pc et jozr  99° a5t logt 8t g y =g
U.<
68° 2,0 69° (96 08 9L 26" ocr 8 (18" g3 oL 08 = g
08° 2.0 99° |tvs 89" oL |98t 99t 99 Jest 10z 8z = °g W6 = Oy
vl vst set {0 0% 11t {620 oL 8sT 98t z8t 08 p o= lg
09=54 0z=% o01=4| 0954 o0z=%4 ot=Ty lo9=%% o0z=% or="y log=fy o0z=% Li1=Yy| (3-4) (¥)
(§) ssaulybragl opnit|duy
(wu/$a(2A2)  (Y) uoiinjosay abew] abew] UOLICUAQLA
001="1 0=F1 . G2=°1 0 =7
(9-34) (1) uotjeutwni{] Judiquy

adAi yo3Ld 2T *3ul0g 21 40 uOLIO3Afoud XEE'T 403 (d3nutw uad spaom 0pz)

Adoy padA) bBuipeay 03 3ALJR[dY S3L0DS IJUBWAOSUAAd PIZL|LiWliON

[T 378vl

(Wit
{ 1

o




effect of the different parameters and what efficiency (or loss, with k

respect to reading typed copy) can be expect:d for a given set of para-
metric conditions.

It can be seen, for example, that performance improved as resolution,
image size, and brightness increased. There are some inversions, however.
For example, under low ambient illumination, toc bright an image (80 ft-L)
results in a perfeormance decrement as explained earlver. A similar in-
version occurs in Table 8 under 100 ft-c ambient illumination and 1/8-inch
vibration amplitude. It would appear that the normalized data provide a
helpful basis for determining equivalent legibility conditions and give in-

sight into the tradeoffs which may be made in designing or selecting dis-
plays.

In this regard, it may be seen that certain parameters are more important
than others in affecting iegibility. Overall, image resolution appeared to
be the most important parameter. Dispiays with high resoiution tendec to
resist degradation fi - vibration, reduced image brightness, reduced size,
and high ambient illumination. When thc dispiay was of low resolution,

variatior in image size and brightness could not compensate for loss of
legivility.

Next to resolution, image brighiness appeared to be the next most im-
purtant parameter. The effect of image brightress deperds in part on ambient
light conditions. Where ambient illumination cannot be controlled, it is
important that the display have a goo: range of brightness levels {(¢.g.,

5 - 80 ft-L), and that adjustment controls be available. DUepending upon
ambient iilumination, a display can be too bright as well as too dim.

The legibility of imaged text material also depends on letter size. There
are, however, obvicus practical constraints in this regard, namely, the size
of original copy, photographic reduction ratio, and projector magnification
range. The present experiments used 12 point, 12 pitch JBM Letter Gothic
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(Code 005) type (the same as was used in preparing this report). It was
projected at 0.67:1, 1:1, and i.33:1 and all sizes were viewed at 28 inches.
Where resalution was good (120 Tines/mm) and image brightness was high

(80 ft-L), performance did not vary noticeably with letter size. However,
the 0.67:1 size was much more vulnerable to degradaticn through vibration,
reductiors in brightness, and decreased resolution than the other two sizes.

At low resolution, the medium sized image {corresponding to actual
typewritten size and viewed at 28 inches) gave the bect results. It is
possible that ractors other than sharpness or contrast of image were con-
tributing to this result. One possible factor is the relationship of line
length to scan rate. A la-ge-sized type, and hence a large overall pro-
jected image, may be more "legible" word by word but lsss words may be per-
ceived at a glance. This, in turn, might result in a loss of continuity and
contextual meaning which otherwise would contribute toc readinc speed. It
is possible that both image clarity and perceptual factors, such as
scanning patterns, contribute to ease of reading different sized type as
~2asured by reading rate and accuracy.

Frequency, amplitude. and their interactions significantly affected
reading performance but the effect of frequency was small in comparison to
amplitude. Vibration of the image at 1/8-inch amplitude produced a small
but measuravie decrement in performance while i/4-inch vibration reduced per-
formance levels by 50 to 95 percent of those associated with steady viewing
conditions. Displays having low brightness and Tow resolution were much
more susceptiblz to degradation from vibration than bright, high resolution
displays. As would be expected, the sma’1 image was more vulneratie to
vibration than the larger sizes used.

The results show clearly thet for the combinations of image brightness
ard ambient jllumination used, it is possible to have too bright an image
as well as Jne which is too dim {see Figure 4{(c)). Under low ambient illumi-
nation, excessive brightness causes irradiation or spilling of light at the
rigure/ground boundaries with resulting loss of image clarity end defiriticen.
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Further, if the image is subject to vibration, excess image brightress com-
bines with the vibration through the mechanism of retinal image persistence
(the percepticn of an image on the retina after the stimulus is rvemoved) to
reduce visibility. The spot "seen" after watching a photo flashbulb being
fired is one example. This effect can be readily verified by simply re-
ducing the brightness of the vibrating image and observing the immediate
improvement in legibility. This can be done any number of ways, e.g., by
reducing projection lamp output or simply viewing the screen through a filter. :

An additional word is perhaps merited concerning the parameters of
image polarity and color which were found to be non-significant in the
present experiments. Regarding polarity, it would appear that displays
of equivalent brightnese and contrast are equally iegible. This is not to
say that users will not express a preference for one polarity or the other.
In a study of polarity preference for reading patent drawings, Bloch, et
al (1968) concluded that the subjects preferred searching dark iines on a
light surround. Notiable in that study, however, was the cbservation by

subjects that: "Diffusing of light was more apparent with negative film,
sometimes causing images to expand and look blurred." That investigator

concluded that "the blurred images resulted from light diffusion and were
an inherent property of negative film, not an effect of the machine used".

A similar effect was observed in the present study. However, it is felt
that the problem is one of too much brightness contrasi rather than an
inherent characteristic of negative film. This difference in conclusions
seems to support further the need for brightness contrals on viewing de-
vices. Finally, it should be noted that the present . periments did not
address the issue f polarity preference. There may have been a preference
even though performance was the same for positive and negative images.

Regarding the guestion of red vs. white images which has relevance to
maintenance of operator dark adaptation, the results showed no difference

in performance as a function of color. Comparisons were made under equal
brightness conditions, however, and use of a red filter, goggles, etc.,

=

1 Nt
Lk
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in the operational setting would possibly require a coipensatory increase
in display brigntness. Introduction of a red filter without brightness
compensation would be expected to reduce legibility depending upon the
original Tevel of brightness and other display parameters.

- 67 -

pits

" b . Wl
o Rt Y 2t s O e Y00 M e Vw3 b gl

Tk b Gt mbh b

e ol 5 sk

ol bty

thd

ot Db S i B

o e S R 00 o o e

o e, s on e

i W B0 o

S S A o

oo ank. ot



CONCLUSTONS

1. Display legibility is a complex entity dependent upon a ranje of
optical, physical, and perceptual factors. The present study provides
quantitative data showing the manner in which critical parameters interact
and + Ir relative contribution to or degradation of display legibility.

3 2. I = resolutior is the single most important factor ia display

% legibility. IUnder static viewing conditions and adequate image brightness
: and size, 20 lines/mm may represent an acceptabie level of resolution.
Under conditions of image vibration, 120 line/mm appears riecessary to
achieve any reasonatle degree of display legibility.

.é 3. Image brightness is an important element of display legibility.
_i The means for adjusting br:ghtness over a significanc¢ range (5 - 80 ft-L)
'; is hiynly desirable and is essential where ambient light can not bc con-
E trollec.

4. Ambient light is cof concern to the extent that it can not be control-
led. The greater the range of ambient light encountered, the greater is
the nead for adequate shielding of the dispiay and provisions for disslay
vrishtness adjustment.

1 5. Image polarity did not differeatially affect display legibility as
-9 mea.ured by reacing speed and a. uracy. Operator preference wes not examired

P O S MR AR ot

and conclusions 'rn this regires may not be drawn.

+ 5 6. [Image vibration, depending upon the frequency and amplitude, can

"
a, g kg L b

3 subs+antially degrade display legibility. For frequencias up to 30 Hz at
3 least, aaplitude rather than frequency eéppears to be the critical factor.

Whiie 1/8-iach amplitude vibration may be tolerated under otherwise
gord viewirg conditions, 1/4-inch vibration of the image renders the display

LA T T R Y
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illegible for all practical purposes. Further, because of possible
amplification by optical lever effects, las where a mirror or prism in the
projector is subjected to low amplitude vibration), image displacement of
up to 1/4-inch is entirely pussible in the shipboard environment.

7. Image color (white vs. red) did not differentially affect reading
performance. Provided that briyhtness loss can be compensated for, it would
appear that a red filter, goggles, etc., may be used in the operational

setting without penalty to display tegibility.

8. The display parameters investigated interact in a complex manner,

A arg optimal va’ s for one can not be independent of the others. The normal- é
§ jzed data presented in Tables 8 through 11 provise a first estimate of trade-
{i offs which may be made among the parameters to achieve equivalent levels cf -

legibility for rear projection of text materials.
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Exhibit 1(a)

Values of the Test Parameters

Experiment No. 1

A -- Vibration Amplitude [inches)
Ao= 0; A1=1!8; A2=1/4.

8 -~ Image Brightness (ft-L)
Bl= 4 82=28; B3=80.

F -- Vibration Frequency (4z)
F0= 0; Fl 15; F2=30.

1 -~ Ambient Iilumination (ft-c)
I]= 0: 12=25; I3=50; I4=100.

P -~ Image Polarity
P1= negative; P2= positive.

R -~ Image Resolution (cycies/mm)

R1=]0; R2=ZG; R3=60.
S -~ Image 5ize (12 pt. 12 pitch type)
S1 =0.67:1; 32 P 113 S3 1,33:1. P

Experiment Nc. 2

A -~ Vibration Amplitude (inches)
A=0; A =1/8; A =1/4.

Q
B -- Image Brightness (ft-i)
ul= 8; 82 =28; 3-48

€ -- Image Color
C,= white; C,= red.
1 2
F -- Vibration Frequency (Hz)
FO= 05 Fy=15; F2=30.
P -- Image Polarity
P1= negative; P2= positive.
R -- Image Resolutior {cycles/mn)
R.=10; R2=20; R,=60

S -- Image Size (12 pt. 12 pit-h type)
,.-0 67:1; 52 1:1; S3 1.33:1.

(Fold out for Exhibit 1{b).}
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PART 11
SURVEY OF AVAILABLE MICROFORM EQUIPMENT

The object of this phase of the study was to assemble in convenient
form a reference source of presently availahle microform equisment. The
information was obtained through correspondence with major manufacturers
of the equipment in the United States and /oreign countries. The technical
and trade literature was searched for relevant information and leads to
suppliers. HWhere possibie, direct measurements of resolution and screen
brightness were made through cooperation of the manufacturers. To further
supplement available literature, demonstrations and briefings on a variety
of equipment, notably storage and retrieval systems, were witnessed.

In the reguest for information, the contract was referenced and the
nature and significance of the study was indicated. OFf the 75 manufacturers
to whom inquiries were directed, 30 responded w:.» positive information.
Seversl indicated that they were no longer involved in the area and the re-
mainder failed to respond. A follow-up letter was sent to those who did
nct respond initially. This increased the return by approximately 20 percent.

The survay was designed to obtain 2 representative sample of currently

available equipment. Failure to inclu? \ manufacturer or device in no way
refiects upon either the maker or the equipment.

Surmary of Microform kquipment

The results of the survey are presented in Tabies 12 through 21. Tables 12
through 16 cover domestic equipment. Tables 17 through 2: cover devices of
foreign manufacture. /ddresses of the manufacturers are given on page 125.
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LIST OF UNITED STATES MANUFACTURERS ,%
BELL & HOWELL COMPANY 3
Micro Data Division -
6800 McCormick Road E:
Chicago, I11. 60645 E
E
BLU-RAY, INC. 3
Essex, Connecticut 06426 |
=H
E
CINTEL CORPORATION =
11301 West Olympic Blvd. 3
Los Angeles, Calif. 90064 3
=
DASA CORPORATION g
15 Stevens Street ]
Andover, Massachusetts J1810 3
DATAGRAPRIX g
P.0. Box 2449 2
San Diego, Calif. 9c112 s
EUGENE DIETZGEN COMPANY %
2425 North Sheffield ‘venue 3
Chicago, I1linois 60614 1
- DU KANE CORPORATION
= 103 North 11th Street g
St. Charles, Illinois 60174 E
EASTMAN KGDAK COMPANY g
819 Culver Road 2
Rochester, N.Y. 14609 =
EXTEK MICROSYSTEMS, INC. 3
15424 Cabrito Road

Van Nuys, Calif. 91406

g
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LIST OF UNITED STATES MANUFACTURERS (cont.)

GAF CORPORATION
14G West 51st Street
New York, N.Y. 10020

iTEK BUSINESS PRORUCTS
1001 Jefferson Road
Rochester, N.Y. 14603

|
3
A
%
=
:?‘é
;
E
3
=
=
2
3

KEUFFEL & ESSER COMPANY
20 Whippany Road
Morristown, New Jersey 07960

i

bt

3M COMPANY
Microfilm Products Division
St. Paul, Minnesota 55101

MICRO IMAGE CORPORAT:ION
11436 Sorrento Valley Road
San Diego, Calif. 92121

AL

THE MQSLER SAFE COMPANY
Information Systems Division
Kamilton, Thino 45012

btk A T R

NB JACKETS CORPORATION
54-18 - 37th Avenue
Wpodside, New York 11377

THE NATIQNAL CASH REGISTER COMPAMY
Industrial Products

3109 Valleywood Drive E
Dayton, Ohio 45429 :

f

RANDOMATI{ DATA SYSTEMS, INC.
344 West State Street
Trenton, New Jersey 08613
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LIST OF UNITED STATES MANUFACTURERS (cont.)

M g

SANDERES-DIEBOLD, INC.
2 Daniel Webster Highway
Nashua, New Hampshire 03060

i

AL

TP

THE TAYLOR-MERCHANT CORPCRATION
25 West 45th Street
New York, N.Y. 10036

TELEDYN:S POST
Frederick Post Company
P. 0. Box 803
Chicago, I11. 60690

VUE TECH
472 Industrial Drive
Maryland H2ights, Missouri 63043

HWASHINGTON SCIENTIFIC INDUSTRIES, INC.
Long Lake, Minnesota 55356
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LIST OF FOREIGN MANUFACTURERS

Home Office Address

AGFA-3EVAERT, INC.
West Germany

CAMERONICS, Ltd.
Microform Division
Athlon Road
Alperton, London,
England

MICROBOX

Dr. Welp GmbH & Co.
P.0. Box 143

D-635 Bad Nauheim
West Germany

FUJI PHOTO FILM COMPANY, INC.
26-30 Nishiazubu Z-chome
Minate-ku, Tokyo 196

Japan

H.V. PROT! MICRO READER CORPORATION
Stijn Buijsstraat 4a

Postbox 110

Nijmegen, Holland

Preceding page blank
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U.S. Representatives

AGFA-GEVAERT, INC.
275 North Street
Teterboro, New Jersey 07608

FUJI PHOTO FILM COMPANY, INC.
350 Fifth Avenue
New York., N.Y. 100061
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Brightness and Resolution of Commercial Microform Readers

Most cales and promotional literature obtained in the equipment survey
contained no specific infermation on screen brightness or resolution. 7o
obtain an estimate of what indusiry has to cffer, we obtained the gracious
cooperation of two manufacturers, Eastman Kodak Company and 3M Company, who
permitted us to take measurements on a variety of their equipment.

The purpose of taking the measurements was not to evaiuate or compare
these mariufacturers but to determine the general range of screen brightness
and resol:tion available in the marketplace.

The equipment measured was demonstration gear, and while it was in good
working condition, no special adjustments had been made. In some instances,
performance might be improved through adjusting the optical system but

company representatives agreed that the devices were representative in their
present condition.

Resolution was measured by inserting a Standard Air Force Tri-Bar pattern
in the form of a 3%mwm, positive transparency into the reader and examining
the pattern on the screen using an eye-loop (4x).

Brightness measures were made with an SEI photcmeter accurate to 3.1
lag unit.

The results are summarized in Table 22. It may be seen that resolution
ranged from a Tow of 381 to a high of 456 lines/mm. Maximum screen bright-

ness ranged from 15 to 90 ft-L and average screen brightness ranged from 9
to §6 ft-L.

Overall, it would appear that the resclution of thase systems is quite

good and that the limiting factor would be the resolution of tne inpet film
and net the reader.
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TABLE 22

Sample Display Resolution and Screen Brightness

of Microform Readers

3M Company

Model No.

Resolution at
Center of Screen
(1ines/mm)

Maximum Screen E:jghtness
and Average of (Center and
four Corners (ft-L)

Model 400 M
(rol1 fiim or flat format
with attachment)

Modeil 490 CT
Reader-Printer

Model 400 CT
(Wide Screen) for
computer printout work

Model 500 FASTBACK Reader
(Replaces 400 LR)

Model 400 Page Search
Reader Printer

Executive I
(Tow cost reader-printer
for cards and fiche)

Model 200
Reader-Printer

362

456

456

362

406

228

228

Maximum Average
48 43

63 3c

40 40

50 46

48 45
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TABLE 22 (cont.)

Sample Display Resolution and Screen Brightness
of Microform Readers

il

Eastman Kodak Company

Model No. Resolution at Maximum Screen Brightness
Center of Screen and Average of Center and
{1ines/nm) four Corners (ft-L)
Maximum Average
MOTORMATIC 300 75 56
Reader-Printer
STARMATIC, Model PVM 286 90 53
LODESTAR PS 1K 202 32 24
LODESTAR PEK 1 322 90 39
(used in Miracode System)
MAGNAPRINT Reader PE-1A 256 45 35
(Multipurpose Reader) :
EASAMATIC PFCD 181 32 25

(Fiche Reader)
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Only one or two of these devices had brightness adjustments.
the brightness adjustment is accomplished by changing voltage to the pro-
jection tamp in the form of one tc three discrete steps. Most readers have
no brightness adjustment whatever and most have little or no provision for
glare shielding.

Generally,

Perhaps 80 percent of the readers examined used "no-glare" screens. The
remainder had a polished surface which tended tc image extraneous iight
scurces. This can be distracting and may reduce Tegibility.

Microform Retrieval Systems

There are many different types of microform retrieval systems. They
range from simple manual devices to highly sophisticated, computer operated
systems. The systems may be zsalegorized as manual, semi-automatic, and
fully automatic. The four systems describeu below serve to iliustrate the
functions and range of capabilities available today in the microform industry.
The examples were chosen to indicate the kinds of systems that exist and
their inclusion is not to be construed as an endorsemcnt in any form.

Manuai Systems

At the most rudimentary level, information retrieval is strictly manual.
The user maintains a file of film rolls, fiche, or aperture cards, and
retrieves and refiles the -Jata manually. Any of a hurdred difierent readers
may be used to display the information.

Semi-automatic Retrieval Systems

As defined here, semi-autcmatic referc to & system which may be accessad
hy means of an electronic or electromechnaical keybvard. By inputing the
propar numbers or alphanumeric descriptors, the desired fiche or card is
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A At

automatically selected and presented to the user for insertion into a
viewer. This card or fiche is manually refiled after use.

Randomatic. One system of this type is the "Randomatic" produced by
Randomatic Data Systems, Inc., Trenton, New Jersey. As its name implies,
access to the card file is random. There is ne need to file cards in any
order. Cards may be retrieved singly or ir groups.

The cards are coded by notching along the bottom edge. This is accom-
plished in a few seconds by merely placing the card in a built-in, electri-
cally operated punch and indexing its identification. Cards include standard
tab size (3-1/4" x 7-3/8"; 5" x 8") and edge punched cards. Since the
Randomatic does not employ any metal strips or attachments on the cards and
since the notch coding is not in the reading field of key punched or
magnetic cards, the system is compatible with most other card processing
systems.

The system is of modular construction. Each card tray holds up to 1500
cards {or fiche) and any number of trays may be operated from a sirgle
keyboard. The standard Randomatic coding consists of six characters, either
alphanumeric or numeric. Up to one million codes are possible with complete
distinction of selection. Systems range in size from small desk top models
to large models about the size of an executive desk (see Figure 12).

The equipment functions on 115 VAC, 60 cycle powar. Prices range from
$2500 to $14,375 depending on size. Additional features are avaiiakle at
extra cost.

Kodak Miracode System. This system consists of 3 cartridge file,
electronic keyboard and interrogation unit, and & Recordak Lodestar Reader-
Printer (Model PEK, PEK-1).

The cartridge is retrieved manually and inserted into the reader-printer.
The system makes use of an optical code which is photographed en the film
adaacent to the document images. One or more keyboards may be regquired
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depending upon the desired depth of search capability. In addition to
searching for and displaying requested images, the system will automatically
scan the entire roil of film and count the number of items which correspond
to one or more descriptors or classes of data.

In this system, as contrasted to the 3M Page Search below, the optical
coding requires film space. Therefore, as the depth of coding is increased
there is Tess space for document images. Since both of these systems require
manual retrieval and insertion of the cartridge, their relative advantage
depends, in part, upon how much search capability one desires as opposed
to document image capacity per cartridge.

3M Company, Model 400 Page Search Reader-Printer, This unit is shown
in Figure 13. It accepts film (roll) cartridges which are manually retrieved
from a file and insertea into the machine. Electronic logic circuitry
respends to blip-coded 16mm film and will find and display any one of up to
10,000 images in a few seconds. To have a document image displayed and/or
printed, one need only enter the proper code number on the keyboard provided.

Dimensions of the unit are: height, 28.5"; width, 17.5"; and depth 22.75".

Weight is approximately 140 1bs. It operates on 90-130 volts, 10 amps,
single phase, 60 cycle power.

Fully Automatic Systens

A fully automatic system is considered cne in which the storage element
(cartridge, cassette, etc.) is automatically retrieved and from the element,
the desired document image is displayed and printed on request.

Mosler 410. A simplified flow diagram of the Mosler 410 Information

System is shown in Figure 14, As may bea seen, the system features keyboard
access to a central file of microfiche and/or aperture card cartridges. In

- 136 -

8BRS kbt EN A oS B S s B

)

X

i, il N | o 1
m%m:m».mnmmmy&}smmmmmmmﬂ:m B B SRS R

b




R T TE I ¥ T AT

%

R

ST TR RS YRy

T il bt A v TR

M Company, Model 400 Page Search Reader-Printer.

Figure 13.
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response to a keyboard entry, the proper cartridge is automatically retrieved
from its storage module and transferred to a card/fiche selector unit. The
card is seiected and presented to a videc camera. The image is displayed

on a remote television monitor. A video printer will prcduce a copy of

the image on request of the user.

Alternativeiy, the system will deliver to the control conscle an individual
card/fiche or an entire cartridge for updating or other purpcses. A card
punch un:t is provided as part of the system for file maintenance.

A detailed description of this system is beyond the scope of this report.
However, several addificnal factors may be noted.

A

el
i

The Mosler 410, in its various configurations, automatically stores,
retrieves, duplicates, transmits, and copies alphanumerics, text, and
graphics. Any document in the system can be retrieved in less than ten
seconds, and several users may have simultaneous access to different
documents. Up to 200,000 cards may be stored in and retrieved from a 410
storage module. Sinc2 microfilm is the primary method oV preparing documents
for infiling, a single storage unit may contain {rom 200,000 to 11,000,000
documents (depending on reduction ratic and document size) on 3-1/4" x
7-3/8" aperture cards on microfiche. As many as five storage modulss
csn Le operated under a unified system under common control. The system
accommodates existing standard aperture cards, and these cards may be freely
intermixed with microfiche within the information store. Requests may be
entered into the system from keyboards either in the file area or remote
from {v, and may communicate with the system either directly or through any
of a number of third generation computer systems. Once infiled into a 410
<ystem, all handling of the cards is entirely automatic. The cards are
keld secure within the system, snd are made physically available cnly to
file-maintenance gperators through controlled access ~tations for add, purge,
and update functions. Invormation from these secure cards, however, is made
freely available to information users either as high-resolution paper or

SN A AR A u(|unn:nWm.mmw.fmrmmmmmu:.llm.mmmzﬂaucumn.v.mum.ru.mmlm.nmm.mux;umnrWﬂﬁm»L4mﬁWMMMMMMWMMMM%MMMMWMM el
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microfilm copies, or as remote television displays. Depending upon its
configuration, system cost ranges from $100,000 to $200,000.

Sanders-Diebold, Inc. This ccmpany also manufactures an automatic
retrieval sysiem employing video dissemination.

Computer OQutput Microfilm (COM) Systems

Modern technology makes it possible to convert computer output {online
or via tapes) *o microform images. This function frees the coniputer from
printing press jobs and outputs the data in the easily handleable medium
of microfilm,

DatagraphiX, Inc. Figure 15 shows the basic components of a COM system.

Computer output is fed directly (cor via tapes) into a micromatic recorder
for photographing. Within the recorder, the digital information is dis-

playea on a high resolution oscilloscope type display and photographad at
a transfer rate of up to 120,000 characters per second. The film is then
transferred to the next unit for processing. After processing, the film

serves as a master for use in a hardcopy printer or can be dupiicated for
use in microfilm and fiche inquiry stations.
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PART 111
POTENTIAL SHIPBOARD APPLICATICNS

The purpose of this section is to provide an sverview of shipboard infor-
mation processing activities with regard tc potential applications for
microform systems and equipment

Two primary factors which determine the kind of information required
by a ship are the type of ship and its mission. Each ship has a general
mission corresponding to the design of the ship and it has assigned primary
and secondary mission areas. These mission areas are activities which fall
within the ship's design capability.

Table 23 illustrates the kind of information and its current format used
by different types of ships. It may be noted that the mdjority of material
is in the form of paper, either as bound publications or sheets. The volume
of a given type of information on a ship at any time depends on the type of
ship and its wmission. For example, a small craft may have only a few maps
aboard while a carrier may have as much as 16 tons of maps.

Table 24 shows the distribution of information according to representative
types of combatant ships and the major departments, divisions, or functions.
The ship types selected are illustrative only. There are many different
ships within a given type; however, insofar as notential microform appli-
cations are concerned, the information requirements would be quite simiiar.
Also, no patrol or service craft have been iddressed in this report as they
are specifically dedicated, and as far as the present oricntation is concerned,
their inclusion would not reveal any new areas of application.

Table 25 shows the informaktion distribution for non-combatant type ships.

1t may be seen that certain categories of information are common to dif-
ferant types of ships but cxist in yarying amount and degrees of use, The
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TABLE 23

Types of Information and Current Format

Ysed by Ships

Types of Information

1. Maps Paper (sheets) j
¢. Basic Encyclopedias Bound hard copy (BHC) 2
3. National Intelligence Surveys BHC, microfiche §
4. Photo-interpretation Keys BHC Z
5. Intelligence Publicaticns BHC
6. Country and Area Studies BHC
7. Assigned Targets cf War Film, BHC
8. Operations Pians Paper documents
9. Characteristics and Performance BHC

Handbooks
10. Air Target Materiel Program BHC

11. Training Materials

12. Ships Publications

13. Photes

14. Charts and Overlays

Current Format

BHC, paper, miscellaneous

BHC
Photos (paper)

Paper, acetate, plastic

15. Weapons Manuals BHC
16. Operating Manuals BHC
17. Technical/Maintenancc Manuals BHE
i8. Communication Publications BHC

(Coding/Operating/Repair)
19. Message Files

Paper documents

it

20. Registered Publications (RPS) BHC

21. Ordnance Characteristics Paper sheets {loose leaf)

22. Special Information Paper, miscellaneous

23. Damage Control Information BHC, paper, plastic control sheets
24, Corresponidence Files Paper sheets (in folders)

25. Report Files Paper sheets (in folders)

26. COMTACT Publications BHC
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TABLE 22 (cont.)

Types of Information and Current Format
lised by Ships

Types of Information Current Format

Paper (in folders)
Paper (in folders)
Paper (in folders)

27. Personnel Records
28, Medica? Records

29. Interaal Command Correspondence
Files

30. COSAL Computer punch cards
or paper listings

31. NAVSUP Manuals BHC
32. NAVCOM Manuais BHC
33. Supply Instructions BHC
34, Fleet Commander's Publications BHC
35. FISSG Paper (listings)
36. NMDL Paper (listings)
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TABLE 24"
COMBATANT SHIPS (Warships)

S e ey L v
= i s SR S

Representative Ship Functions

(o] . v [
|~
g | S5f & o | o
Type of General S [EG] ® » E ]~
Ship Mission e |~ o SiSyei 5 < |I'3
ot 5 ot "~ :i’g @ o a0}
- T 3 podll IESIE < c g
3 |fE] E|xs|888l 5 | £ |28
£|38] 588|835 |2 |88
Support and | 1-13 1 12 | 12 12 12 12 {30-36
operate air- (5) 18 | 16 15 16 |24-29
craft and (9) 191 17 16 17
Carrier (CV) | act in sup- 11 20 1 23 17 22
port of other (13) 26 21 23
forces. 14-17 22
Operate inde-{ 1-13 | | iz | 12 12 12 12 ]30-36
pendently or (5) i8] 16 15 16 |24-729
with other (9) 19 17 16 17
Cruiser (CG) | forces 11-17 ] 20 | 23 17 22
against air 26 21 23
and surface 22
threats.
Cperate inde-| 1 1 12 { 12 H 12 12 }30-36
pendently or { (3) (5; 18 ; 16 15 16 |24-29
with other 5 (9 19§ 17 16 17
forces {6 | 11 20 | 23 17 22
Frigate (DL) | against air, | (7} | 12 26 21 23
surface, or | 8 1{13) z2
submarine 1 9 (14-1
targets. 11
Functions as | 12
contrnl 13
center.

“Cell entry mumbers refor to categories

listed in Tables 23 and 26.




TABLE 24 (cont.)
COMBATANT SHIPS (Warships)

Representative Ship Fuactions

.
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: 0 <
g‘{: S =) =
Type of General :Lf S tg’ 2l | = = ”g
Ship Mission se| T ,§ P E’é’ © E’) Ty
s3] 2 ~D|82s = = 28
5| § | vglgss| 2 | E | §%
’ ool 8§ KEI2IS [ w < —
Counduct of- 12 12 12 12 12 %0-36
fensive oper- 18 16 15 16 {24-29
ations with 18 17 16 17
r’eigg‘)’yer other forces 20| 23| 17 |2
and protect 26 21 23
support forces, 22
12
Screen support| 1 12 12 12 12 19459
forces. Cper- (3) 18 16 15 16 |
Escort (DE) |ate offen- 5 19 17 16 17
sively against| (A) 20 23 17 22
submarines. (7) 26 21 23 ;
8 22 |
9 ; ; |
11-13 ! * §
—
i
Perform offen- 1 12 12 12 12 ' 12
" sive and defen] (3) 18 | 16 | 15 |16 |ea-29]
fémb;tant sive roles as 5 19 | 17 6 117 i
i directed. (6) | 20 23 17 22 ;
(7) 26 21 23
8 22
9
11-13
Command ship 12 12 12

Command {LCC)

for
ampnibidus
gperations.
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TABLE 24 (cont.)

COMBATANT SHIPS (Warships)

Representative Ship Functions

| 1. T
@ E_. b3 .g
= = o HY —
5 "55 n 2 £ :"_3, [
Type of Genaral RO R S [N~ uw Y .ujgw
Ship Mission = |ws ]| 5 Sleng| @ | £ 8%
& |23 E [«C|882| = | £ In2
£ [|8§§]| & [92&(35SF £ S E]
To embark, (5} 12 12 12 12 {30-36
deploy, and 8 18 15 16 }24-29
Assault Ship-{ land elements 12 19 16 17
General of marine 14 20 17 22
Purpose (LHA}{ landing force 18 26 H 23
by varicus 17 22
means. 23
To transport (5) 12 12 12 12 {30-36
Cargo Ship and land com- 8 15 15-17 16 |24-29
(LKA) bzt equipment, 12 19 21-23 17
material, and 14 20 22
personnel. 16 26 23
17
To transport (5) 12 12 12 12 30-36
Transport iand trcops, 8 18 15-17 16 (24-23
LPA} supplies, and 12 19 21-23 17
equipment. 13 20 22
16 26 23
17
To trarsport (5) 12 12 12 i2 |30-36
troops and 8 18 15-17 16 |24-2°
equipment and 12 19 21-23 17
Dock Landing | supplies by 14 20 22
Ship (LPD) larding craft 16 25 23
and amphibjous 17
vehicles with
helicopter
augmentation.
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TABLE 24 (cont.)

COMBATANT SHIPS (Marships)

)

~

Representative Ship Functions

"‘—ﬁu
--—-JL-__J

= < <
T i G 1 § 'g:’\ § o =
Type of eners Yo » b pad
Ship Mission s |5e] 8 Siuyg | € Z T
= |s&] 5 cl885 | & | 2 oy
v |28 E glacd | € s [wE
| §ISEE [vEIBEs |5 | £ |iE
, = (S8 ° |[8&F€s 5 | 2 |85
To transport |1-13 i 12 12 12 12 12 130-36
and land 5) |18 16 15 16 {24-29
troops and es- (9) | 19 17 16 17
Assault Ship |sential equip- 11 20 23 17 22
--Helicopters|ment by (13) | 26 21 23
(LPH) embarked 14-17 22
transport
helicopters.
To transport 5 12 12 12 12 130-36
and iand 8 18 15 16 {24-29
personnel, 12 19 16 17
Landing Ship | supplies, and 14 20 17 22
(LS) equipment 16 26 21 23
during 17 22
amphibious 23
assault.
To locate and/ 8 12 12 12 12 12
Mine Sweeper,} or sweep or 11 18 15 16 24 131-33
Coastal neutralize 12 19 1 17 25
{1sC) sea mines. 14-17 20 1 22 |27-29%9
26 21-23 23
To locate and/ 8 12 12 12 12 ]} 12
Mine Sweeper,| or seeep or il 18 15 15 24 131-33
Ocean neutralize i2 19 16 i7 25
{¥50) s€a mines, 14-17 20 1 22 127-29
26 21-23 23

- 148 -




s - Aes mwi xi‘féﬂ%ﬁ% Se=e L Bt “Cogmmrtaditc Soastiih NN i

TABLE 25 ** 2

NON-COMBATANT SHIPS (Auxilliary Ships) :;g

{ Representative Ship Functions ' %

ES

| ’ T, 1 ;

E = e | z

{ g izl oS K] l J %

[ e “—&2 .z [l 5 ¢ 3

il = QO ~ w [ ny { — E

Type of General = [ ~<| & 5 |~ = 5 8

{ Ship Mission ~oies | B pelll I ‘>_,8 | o P S 3

< ] 88) 2 |.r|Se5; £ | E |vsS 5

51835 |82|558| 2|5 |58 :

[S8] S |88/852) 2 | 2 |35 :

] To repair and 12 12 12 12 1;—‘ §
Tender (AD) |support 14 23 16 |24-29 [30-36 :
: d;ﬁtroyer type 19 - 17 E
5 ships c 3
=P 26 17 } 23 5
To deliver 12 11 2 12 12 L.
- Ammunition | ammunition to 14 12 16 124-29 [30-36 g
Ship (AE) the fleet at 19 23 17 gx %
sea. 20 23 B
26 E
4 s To deliver 12 11 12 | 12 12 b
Sy~ L provisions to 14 12 16 |24-29{30-36 :
E fleet at sea. 19 22 17 B* %
] 20 23 3
3 25 %
Missicns and 12 1 12 | 12] 12 ;%
Miccelianeous| tasks are 14 12 16 ,24-29/30-36 2

Auxilliary specific to 19 23 17 p* g

(AG) each ship. 20 23 i

26 3

2

]

A* Repair divisicn; large volume of manuals. §

B* High volume of accounting and record keeping. ;g

** Cell entry numbers refer tc categories listed in Tables 23 and 26. %
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TABLE 25 (cont.)

NON-COMBATANT SHIPS (Auxilliary Ships)
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Representative Ship Functions

T ] A —
s lEs) E | g
© — >~
Type of General g | £ES| ¥ @ ; £ I s [z
Ship Mission S |==] 3 Sivse] £ | S |C,
~ |&s| S S|e2el & I Lo e g
T B8 5| F|s55| &1 E |55
€ |5 £ [S&5!5ES| 5 | E |58
= |88 3 &g (g5 & | 2 |33
Missile Range}7o provide 12, 14, 191 13 12 12 130-36
Instiumen- support during{ 20, 26 18 16 [24-29 |
tation Ship Imissile shots A* 19 | (minimal) | 17 D
(AGM) and manned - 20 c*
space Tiights. 16. 17 B* 26
; To transport (negligibie) 11 | (negliq 12 12 Bp-38
Cargo Ship  |dry cargo for | 1z, 14, 19, 12 jgible) |16 [4-29 Fx
(AK) the Armed 20. 26 i6 17 i(mini-
Forces. ’ 17 23 {malj
23 |
E* §
Te replenish (negligible) 11 j(negli412 12 {30-36
Oiler {AQ) petroleum 12. 14. 19 12 igible) 116 24-29 | F*
products for 50 és ? 16 117 {mini-
fleet at sea. ’ 17 '23  imal) |
23 : .
| Ex %

A* Negligible.
B* Large voiume of technical manuals in supporti of eleccronic gear.
C* targe volume of technical manuals.

D* Specfalized with respect to mission.
E* Deck handling.
F* High volume of record keeping.
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TABLE 25 (cont.)

NON-COMBATANT SHIPS (Auxilliary Ships)

—_—
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b A i

Representative Ship Functions

|
» wn =
Type of General g |1LL | =& - 2 o |~
Ships Mission 25L& Slhhwol 1 88,
~ o | E SlE2g ) & = gt
— oo 3 w |90 m < o
Q L x ¢ [ o — g T~
b g 5 E OY |TED I o g g’g
~ [Sc | 8§ |88 |38 o < [24
To transport (negligibie) 11 |{negli-} 12 12 |30-36
Transport (Ap)| troops, 12 | gible)| 16 [24-25
port (AP) supplies, and | 123 12: 18, 16 17 |(mini-| B*
equipment. 2 17 23 | mal)
23
A*
To furnish (negligible) 11 {(negli-} 12 12 B0-36
repair person-1 ., 1, g 12 |gible)| 16 |24-29 | B*
Repair Ship nel, facilities 20. 26 16 17 |(mini-
(AR) and support to ’ 17 25 | mal)
various types (10w volume) 23
of ships. C*
‘ To tow ships (negligible) 16 Knegli- |12 12 BO-36
Tug {AT) and craft. 19 17 [gidble) {16 24-29 {mini-
(routine/minimal) 17 §(12¥.\ mal)

A* Deck handling.
B* High volume of record keepirq.

C* Low volume.
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information may be required for normal operations or it may be provided
or acquired on an ad hoc basis in accordance with a given mission or zone
of operation.

3 Depending upon the nature of the information involved, it will exist at
differing levels of security classification, in various formats, and will
be associated with differing modes of acquisition, storage, retrieval, and
dissemination.

L

m
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The amenability of information to micromation (the conversioen to and use
of microform systems) depends upon a variety of factors: (1} how the infor-
mation is used; (2) what volume of information is involved; (3) file
activity patterns--frequency of retrieval; (4) useful life of the information; 7
{5) requirements for information change and updating; (6) security and ;
anticompromise requirements; (7) equipment cost; and (8) others.
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The above considerations will determine the type of microform format and
system which is mest appropriate. The key issue is whether micromation will
substantially improve operating efficiency and information security at an
acceptabie level of cost. The security of information in this =egard
includes protection of classified documents and prevention of loss or
misfiling of unclassified materials.

gt Ut

As seen in Part II of this repert, microform encompasses a wide range of
capability from the small, portable viewer which may be used by a technician
to the fully automatic storage and retrieval system employing a large central
) file and videc dissemination of information. Between these extremes, there
d are many intermediate systems of varying capacity and flexibility. At pre-
sernt, microform is in use on various ships but not to the extent that it makes
full use of available technology.

Table 26 indicates a suitable microform medium for each of the types of
information and formats listed in Table 23.
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fABLE 26

Suitable Microform for Various Types of Information
Used Aboard Ships

Types of Information

W W N Oy N B W N e
. . . . . . . . .

10.
il.
12.

14.

1

LJs

16.
i7.
18.

Maps

Basic Encyclopedias

Naticnai Intelligence Surveys
Photo-Interpretation Keys
Intelligence Publications
Country and Area Studies
Assigned Targets of War
Operations Plans

Characteristics and Performance
Handbocks

Air Target Materiel Program
Training Materials

Ships Publications

Photos

Charts and Overlays

Weapons Manuals

Operating Manuals
Technical/Maintenance Manuals

Communication Publications
(Coding/0Operation/Repair)

Message Files

Registered Punlications
Ordnance Characteristics
Special Information

Damage Control Information
Correspondence Files
Report Files

- 153 -

Microform Suitability

70mm microfiche (or roll)

16mm microfiche (or roll)
Already on 16mm fiche

35mm aperture cards

16mm micrefiche (or roll)

16mm microfiche (or roll)
Available on 35mm aperture cards
16mm micrcfiche (or roll)

16mm microfiche (or roll)

16mn microfiche (or roll)
16mm microfiche (or roll)
i6mm microfiche (or roll)

35mm or 16mm aperture cards
(depending on size of criginal)

70mm microfiche

16mm microfiche {or roil)
16mm microfiche (or roll)
16mm microfiche (or roll)
16mm microfiche (or roll)

i6mm microfiche (or roll)
i6nm microfiche (or roll)
16mm microfiche

Various formats

35mm aperiure cards

16mm roll Tilm

16mm roll film

e
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TABLE 26 (cont.)

Suitable Microform for Various Types of Information
Used Aboard Ships

Types of Information Microform Suitability
26. COMYACT Publicaticns 16mm microfiche
27. Personnel Records 16mm microfiche
28. Medical Records 16mm microfiche
29. Irternal Command Correspondence 16mm roll film
Files (for archival records)
30. COSAL Computerized on CV, CG, Tender

types; otherwise 16mm roll film
or microfiche

31. NAVSUP Maruals 16mm roll film
32. NAYCOM Manuals 16mm roll film
33. Supply Instructions 16mm roll film
34. Fleet Commander's Publications 16mm roll fiim or microfiche
35. FISSG 16mm rell film or microfiche

36. NMDL 16mm roll film or microfiche

PP R




In general, the majority of microform material would be generated by
a shore based installation. There would not be a great need for microfilm
production capability aboard most ships. A limited capability, however,
would be desirable in dealing with message and correspondence files, where
information is generated internally or externally and must be stored/
retrieved during a cruise.

The majority of publications and reference manuals could go aboard in
microform. This wouid facilitate storage, retrieval, use, and updating.
Certain manuals, such as technicai and maintenance manuals where the user
must be mobile «nd browsing is necessary, would be best left as hard copy.
On tenders and repair ships, however, where equipment is worked on at a
specific repair station, and a video or other type of display could be per-
manently emplaced, microfilm would facilitate access to technical reference
data and drawings.

Micromation of Intelligence and Classified Information

Because intelligence information is a vital element of command and
control planning and decisions, the need for fast and erficient data handling
15 essential. For this reason, intelligence operations are typically at the
forefront of information technology applications. A% the same time, it is
necessary that implementation of plans and decisions be just as efficient.

In this regard, the merits of micromation need not be differentiated on the
basis of the security classification of materials invoived, and t¢ do so,
would be to lose sight of the systems approach necessary to deterrine overall

operational effectiveness.

However, there are two considerations which distinguish classified infor-
mation. One is the requirement for access control, the other is the need
in certain circumstances for emergency destruction ¢f the materials. These
considerations have direct implications for microform applications aboard

ship.
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Advantages of Classified Information in Microform

Reduced Volume and Weight. With large volumes of classified hard copy
manually filed and retrieved, it is often necessary to restrict an entire
area to achieve the necessary protection. The use of microfiim or micro-
fiche reduces the physical volume of material to be controlled by more than
90 percent. This alona can free precious space foer other use.

Since classified information is normally kept in safes and containers
of appreciable weight, further advantage is gained in conversion to micro-
form. The savings in weight of containers may be zdded to that gained
by eliminating the bulk paper.

File Security. Depending upon the type of system involved, physical
access to the fiie records may be 1imited to one or more key individuals.
The user merely views a display and in many instances would have no need
for the actual documents. If reaquired, however, hard copy can be generated
in seconds at a central file or at remote stations. The hard copy may
ba destroyed according to standard procedures when it has served its pur-
pose. With sophisticated systems, it is possible to video transmit infor-
mation from a central file on one ship te other ships within range, reducing
the need for duplicate files and risk of information compromise.

With large documents, it is difficult to determine whether one or more
pages may be missing. On microfilm, the completeness of a document may be
verified in seconds.

Alsc, access to viewing equipment, as well as the file, may be restricted

providing another degree of safeguarding.
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Emergency Destruct Capability. Generally speaking, it would appear that
emergency destruct would be easier and faster with a small volume of micro-
fiim or microfiche than a large volume of hard copy. Consider trying to de-
stroy & single file drawer of microfilm as compared to the corresponcing ten
drawers of paper. Also, with microform, the feasibility of in-place de-
struction would seam tc be greater.

The destruction of aperture cards, microfiche, and microfiim in its varying
containers {(cartridges, cassettes, spoois, etc.), however, presents dif-
ferent problems than hard copy. Film destruction studies have been conducted
by various government agencies but much of the work is classified. At
present, methods for destroying film are still in the exploratory stage.

Paper destruction, however, is no better off with much reliance 5til1l placed

on crude pyretechnics.

Because microform contains so much more information than paper per unit
area, destruction mu-t be more thorough. Also, manufacturers have been
working for years to extend the life and durability of film, making it more
difficult to destroy than many types of paper. Because of the iesser volume
of film involved, and the fact that different phys‘o-chemical methods may
be applied to film, its potential value for emergency destruct prucedures

should be fully explored.

Rather than approaching film as another form of paper to be burned, it
may be possible to develop a cpecial type of film base, emulsion, or both
for use on classifiad material. Intelligence information, tnsofar as
shipboard use is concerned, may have a limited useable 1ife span equal to the
duration of a cruise or less. Therefore, it may be entively pessible to
trade durability for emergency destruct efficiency.

As an alternate approach to in-place destruction of microvorm materials,
one may readily conceive of special disposal devices to which the relatively
small volume of film may be easily and quickly transferred. Such devices
may be lecated adjacent to microform files.
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The problem of film destruction rejquires study to identify the
proper methods, materials, and devices to be employed over a wide range
of operational conditions.
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STUDY CONCLUSIONS AND RECOMMENDATIONS

1. The current volume and use of hard copy aboard ships would appear
amenable to conversion to microform in many areas.

2. With proper study, it should be possible to justify micromation
in terms of cost, operating efficiency, and increased file security.

3. Current microform technology provides an adequate range of equip-
ment and capabilities which can be readily matched to user requivements
from carrier type ships on down.

4. Microform equipment, especially readers and reader-printers, is
vulnerable to the stresses associated with the shipboard environment. Such
equipment must be isolated from ambient vibration or constructed internally
such that ambient vibration is not amplified to the point where it nctice-
ably degrades display images.

5. Microform viewers interded for shipboard use should have the

following features:
(1) Maximum screen brightnezs of at least 80 ft-L;

(2) Continuous brightness adjustment controi from 0 to maximum
screen brightness;

(3) Non-glare type viewing screens;
(4) Focus controls which are not overly sensitive;

(5) Provision for protection of the viewing screen from
extraneous light snd/or glare sources such as a shield
or curtain arrangement;

s 55T i el i ey = - S el
= IRISS wfiTe . e .;:s;z;:;;%:,:»;gw“a—f e R e S L S

{6) Provision for use of a red filter for operating under red-light
conditions. Brightness adjustment or installation of the filter

should not requfre the user to view an illuminated projecticn
lamp or other brightly illuminated element of the system;
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(7) Readers to be used under red-light conditions should be
light-tight, i.e., no iight leaks;

(8) Controls and contours should be designed to minimize sharp
edges, corners, ard projections which may injure a user upen
impact. Such impact could occur during high speed maneuvers
or in rough water.

6. Microform affords advantages in the area of document security and
anticompromise measures. Reduced bulk represents an initial advcniage.
Research saould be conducted to determine the most efficacious method of
microform energency destruction. Such research should consider not only
the destruction of standard film (e.g., polyester) but the development
of special film for use with short-lived intelligence and classified
materials. Also, the research should explore the potential for in~place
destruction methods offered by the various microform systems.
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